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This mark 
tells you 

@ product 
is made of 
modern, 
dependable 
Steel 


Whether it jumps to make a discovery that’s out of this United States Stee! Corporation 
world, or sits down quietly to spend a century or two on Persornel Division 

atomic research, steel is the only material that has the Room 6085A, 525 William Penn Place 
strength and vigor to keep up with the reach of modern Pittsburgh 30, Pennsylvania 

man’s mind. 

New Stainless Steels developed by United States Steel 
withstand the vibration and friction of unearthly speeds. 
New USS Steel Forgings shape atomic reactors and nuclear 
power systems. Look around. You'll see steel in so many Schoo! 
places—building strength. And steel depends on men like 

you. For information about the many career opportunities Address 
at U.S. Steel, including financial analysis or sales, send 


Please send me career information about U.S. Steel. 


Name 


the coupon. USS is a registered trademark City Zone State 


United States Steel (iss) 





Dow means an opportunity for 
individuals, ideals, ideas 


iwoiviouaLs. Chemistry seems to draw a particular kind of 
person. Whether he’s a scientist or a salesman, an engineer 
or a marketing man, when he chooses the chemical industry 
for his career he singles himself out as an individual. This is 
the kind of person who makes up the Dow organization. At 
Dow, teamwork has its place, but it is recognized, too, that 
most great ideas are born in the mind of an individual as he 
thinks about the problem. 


wears. People may occasionally speak disparagingly of 
someone as “a dreamer and an idealist.” But these are 
exactly the qualities of all the men who seek to make some- 
thing great out of something commonplace. When Herbert 
H. Dow turned an insignificant brine well into a vast chem- 
ical empire, he established the Dow philosophy that “every- 


thing must be good for something, and we will make it 
work.” The rest remained for one other factor. 


teas. There are few places in the world that allow more 
room for ideas than a chemical company. In the first place, 
new chemicals, most of them never before existent at all, 
are made at an astounding rate. If the chemical is made for 
a specific job, then at least one application is known for it. 
But many others are the result of pure research or are 
by-products. These require ideas to put them to work, or to 
convert them, or to use them for undreamed-of applications. 
At Dow, sound ideas are tantamount to action. 


To learn more about the Dow opportunity, visit, or write to 
the Technical Employment Manager at one of the locations 
listed below. 


California—Pittsburg, Seal Beach * Colorado—Rocky Flats * Illinois—The Dow Metal Products Company, Madison * Lovisiana—Plaquemine 
Massachusetts—Eastern Research Laboratory, Framingham * Ohie—The Dobeckmun Company; Dow Industrial Service, Cleveland 
Okiahoma-—Dowell Division, Tulsa * Texas—Freeport * Virginia—Williamsburg * Canada—Sornia, Ontario 
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Harley A. Cloud (BSEE, Penn State '58) is a group leader 
in the development of simulation testing equipment for a 
new solid state airborne computer which IBM is building 
for the Air Force. 
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TRIPS THROUGH THE STRATOSPHERE 
WITHOUT LEAVING THE GROUND 


A computer will be the heart of the navigation and control 
systems for future aircraft designed to operate in the 
stratosphere. 





Such a computer is now being built by IBM for an advanced 
aircraft under development for the Air Force. Harley Cloud, 
an IBM engineer, is developing simulation equipment which 
will put the computer through its paces. His equipment 
will simulate the systems functions encountered by the 
250-ton aircraft at Mach 3, fourteen miles up, with poten- 
tial adversaries in wait. 


Without the airplane leaving the ground, his testing equip- 
ment will simulate such inputs to the computer as accelera- 
tion in the inertial system, velocity in the doppler radar, and 
air pressure in the air data subsystem. These simulation 
techniques will help protect lead time for the entire project. 


Responsibilities Are Large. As a group leader, he is direct- 
tng the design, laboratory breadboarding, electrical draft- 
ing, testing and evaluation of this ingenious equipment. 
It’s a very responsible job for a man out of school less 
than three years. 


But age is no barrier to advancement in IBM. In the fast 
moving world of data systems, it is ideas and the ability 
to do the job that count. And fresh new ideas and abilities 
are always welcomed at IBM—whether in development, re- 
search, manufacturing, or programming. 


If you feel you might be interested in one of these fields 
associated with data systems at IBM, you might discuss 
it with the IBM representative. Your placement office can 
make an appointment. Or you may write, outlining your 
background and interests, to: 


Manager, Technical Employment 

IBM Corporation, Dept. 893 

590 Madison Avenue I 2 M 
New York 22, N. Y. . 


You naturally have a better chance to grow with a growth company. 





If you are about to decide on your 
future employment and are grad- 
uating with outstanding scholastic 
achievement in engineering or the 
physical sciences . . . the Sandia 
Corporation would like to arrange 
an interview with you. 

At Sandia, you would work in re- 
search, design and development, or 
engineering. Our scientists and en- 
gineers are engaged in projects in 
the fields of solid state physics, 
plasma physics, materials research, 
explosives technology, pulse pheno- 
mena and radiation damage. 

You would work in a modern well- 
equipped $60 million laboratory and 
be associated with some of this na- 
tion’s outstanding technical per- 
sonnel. You would receive liberal 
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benefits which, in addition to in- 
surance, retirement and vacation, 
include an opportunity for continu- 
ing your graduate studies. 

You would be employed in sunny, 
dry Albuquerque, a Southwestern 
cultural center of over 200,000, or 
in our laboratory at Livermore, Cal- 
ifornia, with all the advantages of 
the San Francisco Bay area. 
OPENINGS AT SANDIA 

At all Degree Levels 

Electrical and Mechanical Engineers 
At MS and PhD Levels 

Chemical Engineers 

Ceramicists 

Ceramic Engineers 

Physicists «ews. cssiew memes 
Metallurgists masssmen: cscammees 


Metallurgical Engineer: sameness 
Industrial Engineers seneeeeeeeecc 
Mathematicians 

Statisticlans 220-.ccmanesensccing 
Physical Chemists conssmsnssss=ses 
Engineering Physicists seenmeeeese: 
Aeronautical Engineers =eseeee 
Sandia Corporation is a member of 
the Bell System whose team of re- 
cruiters will be on your campus 
soon. For dates and appointment 
for interview, see your College 
Placement Officer now. 


SAN DIA 


CORPORATION 


ALBUQUERQUE, NEW MEXICO 
LIVERMORE, CALIFORNIA 
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A “stream-of-action” environment with unusual growth 
possibilities should be a major factor in a choice of 
career. And that’s an excellent reason for considering 
carefully the opportunities existing in Sikorsky Aircraft. 


We believe that our company is just the “right-sized 
Stream”. Young engineers can enjoy diversified, small- 
group activities, as well as stature opportunities in a 
field that is wide open to the expression of imagination 
and professional competence. 


Sikorsky Aircraft is the company which pioneered the 
modern helicopter. Our current program is far-ranging 
and is recognized as one of the broadest and most 
challenging in the entire aircraft industry. 


Work associations are stimulating and in an atmosphere 
of progress. Assignments could include joining an elec- 
tronic team of twenty to thirty associates—or—working 
with a highly selective group of four or five on interest- 
ing problems of radiation, instrumentation, auto pilot- 
age, automatic stabilization, etc. 


If you want to enter this “stream-of-action”, the time is 
now. Opportunities for personal progress have never 
been greater. 


For detailed information about careers with us, please 
write to Mr. James L. Purfield, Employment Supervisor. 
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Things 
we know about 


tomorrow: 


A new Westinghouse development could be your heart's best friend! 


It is a little electronic device with the unusual name of "Cardiac Pacer." 
Originally, it was developed to provide a gentle boost to a patient 

whose heart faltered or stopped during an operation, or for use as a heart 
stimulant in hospital recovery rooms. 

Now Westinghouse is working to perfect it for personal use on millions of 
heart patients by their physicians. It would be light and easy to carry about. 
It may not be cheap, but then life is worth a lot to any of us. 

Part of the plan for the future is a radio receiver about the size of a pack 
of cigarettes which a doctor could carry with him and, if any of his heart 
patients had any trouble, the radio would beep-beep the doctor. He could 
then tune in to that patient, listen to his heart beats, if necessary, and 
advise emergency treatment. Wondrous are the uses of electricity. 

To learn more about your future with Westinghouse, 

write L. H. Noggle, Westinghouse Educational Westinghouse 
Dept., Ardmore & Brinton Roads, Pittsburgh 21, Pa. 

You can be sure ... if it's Westinghouse. 





WANT INTERESTING WORK? 
WANT TO LEARN AS YOU EARN? 


Here’s a chance to put theory to practice... to appraise what you have 
learned in relation to what industry requires on the job. You'll get a 
better idea of where you can go in your chosen field... and perhaps 
the route to take after graduation. 

lf you're a junior, senior, or graduate student of chemical or 
mechanical engineering, or chemistry, you may be given a regular plant 
or laboratory assignment, important and challenging work, keyed to 
your education to date. You'll get the same personal, interested training 
as our permanent employees. 

A summer job with Du Pont can be an important step toward a 
good job with us after college. You learn about us and what kind of 
company we are. We learn about you. 

Jobs for students are limited, of course, so write soon to Du Pont, 
Room 2430-2 Nemours Building, Wilmington 98, Delaware. 

(There are some jobs, too, for freshmen and sophomores, as lab 
assistants and vacation relief operators. They should apply direct to the 
Du Pont laboratory or plant of their choice.) 


BETTER THINGS FOR BETTER LIVING ... THROUGH CHEMISTRY 


WORK WITH DUPONT THIS SUMMER 





ONE IN A SERIES 


Bendix answers your questions 


WHAT COMPANY 
SHOULD | JOIN? 


When there is a choice of employment opportunities, most 
graduating engineers and scientists make some sort of list of the 
advantages offered by each prospective employer. 


Some men put salary at the top of the list. Many lean toward the 
company offering them the best chance at creativity . . . the widest scope 
for developing their interests and increasing their professional stature. 
Others favor job security, company size and stability, or geographic 
location. The final choice generally is made on the basis of the 

biggest “package” of advantages offered. 


Probably no organization today can offer a longer list of 
employment advantages than The Bendix Corporation. 
One of the world’s most highly regarded, stable, 

and diversified engineering-research-manu- 

facturing corporations, Bendix has 25 

divisions which produce, literally, “a 

thousand diversified products.” The 

wide geographic spread of these 

divisions can be seen in the 

listing below. 


Starting salaries paid by Bendix are 
competitive with those offered by 
other companies—naturally, better 
talents are more highly rewarded. 
Bendix readily recognizes achieve- 
ment, and gives the developing 
engineer and scientist wide lati- 
tude in his field of interest. 

Ask your Placement Director 
about Bendix—where you can 
build your career to suit your 
talents. If you can’t arrange a 
personal interview, write to 

C. C. Cleveland, The Bendix 
Corporation, Fisher Building, 
Detroit 2, Michigan, for 

more details. 


CAREER OPPORTUNITIES IN: CALIFORNIA - CONNECTICUT - INDIANA - IOWA~ MARYLAND - MICHIGAN - MISSOURI - NEW JERSEY - NEW YORK - OHIO - PENNSYLVANIA 


A THOUSAND DIVERSIFIED PRODUCTS SERVING THESE FIELDS: 
automotive + electronics + missiles & space + aviation + nucleonics + computer + machine tools + sonar + marine 
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Editorial... 


ENGINEERING — AN EDUCATION 
OR NOT 


We have often heard the state- 
ment “Engineering isn't an educa- 
tion, it is a training.” Nonsense! 
The study of engineering is no less 
an education than the study of the 
so-called “liberal arts”. In fact, the 
statement might be better applied 
to its speaker. It is time that some of 
the misconceptions involved here 
be corrected. 

How do we mark an educated 
man? We note his possession of 
some of the knowledge of mankind, 
originality, creativity, an insatiable 
thirst for knowledge, breadth of in- 
terest, and open-mindedness. 

What distinctions do we make be- 
tween “education” and “training”? 
We expect originality and creativity 
in connection with the former, The 
painter requires training for his art, 
but this is not enough. Similarly, 
the engineer requires training for 
his art, and that is not enough. He 
must be creative. It is his responsi- 
bility to adapt the discoveries of 
science to the needs of man. His 
products must be useful and eco- 
nomical, And often he must solve a 
problem never before dreamed of 
(unless by Jules Verne). This re- 
quires originality—just try it! 

It is said that an education is 
never completed. What is meant? 
Don't we expect that an educated 
man’s thirst for knowledge should 
never be satisfied? Certainly this is 
true of the engineer, as the number 
of technical journals shows, And 
can't we point to the volumes of 
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literature written by engineers 
about education as evidence of 
deep interests in other fields? 

We expect breadth of interest in 
the educated man. Perhaps this is 
the solution. No! The interests of 
the engineer are as broad as man’s 
present knowledge. The engineer is 
necessarily interested in both sci- 
ence and application. We know 
engineering students interested in 
linguistics, history, government, and 
philosophy, just to name a few 
areas, True, they spend most 
of their time studying technical 
journals. Are they different from the 
students who will concentrate on 
Russian government? A_ different 
concentration, a different field—a 
different personal preference. 

The sun, a campus newspaper, 
suggests in its January fifth issue 
that “... perhaps the difference be- 
tween the arts and engineering 
schools, is the extent of the student's 
command of course material be- 
yond the course’s minimum require- 
ments.” We see no difference here 
—unless the arts student need only 
meet some sort of minimum re- 
quirements to be successful. The 
successful engineering student, like 
the arts student, learns a great deal 
beyond the minimum requirements 
because of his personal interest in 
the subject. In both schools there 
are those who aren't interested be- 
yond an arbitrary set of minimum 
standards. 

It seems that some critics refuse 


to recognize the fact that people 
study engineering because they are 
interested in it. “Of course all en- 
gineers are studying engineering 
because there is money in it,” they 
would say. Why not be a doctor or 
lawyer or rock-and-roll singer? 
What is left? Why aren't the en- 
gineers “educated”? Perhaps some 
feel that there is something more 
noble about the study of the so 
called “humanities.” John Ray Dun- 
ning, Dean of the Faculty of En- 
gineering at Columbia University, 
suggests that this is the reason for 
statements like the one in conten- 
tion. He writes that there persists a 
view which should be called 
“myopic humanism” which holds. 
2 that the supreme accomp- 
lishments of human life—art and 
philosophy—are somehow non- 
physical, and therefore superior 
to the understanding and ma- 
nipulation of physical environ- 
ment, which is after all only 
a kind of clever housekeeping 
that makes the life of the spirit pos- 
sible.” It seems to us that these 
people who fail to recognize that 
aor is a study undertaken 
because of personal interest, who 
fail to recognize it as a worthwhile 
endeavor even when confronted 
with its creativity and benefits to 
mankind, are much more narrow- 
minded than those they accuse. No, 
we won't say they haven't received 
an education—but they have missed 
part of its point. R. T. F. 
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This 5% chrome — 12% moly pipe assembly fabricated for Imperial Oil Limited, designed to operate at 1150°F. 


Piping by Grinnell to meet the 
most exacting requirements 


Whatever the piping requirements, Grinnell can meet 
them. Grinnell assures this because of a thorough under- 
standing of piping needs — coupled with ability to pro- 
duce to most exacting specifications. 


From interpretive engineering — through exclusive 
methods of prefabrication and testing of pipe and hanger 


units —to precision assembly and delivery, Grinnell 
offers one-company control and responsibility. 


When dealing with Grinnell, it is possible to count on 
installations of any size, at costs known in advance, with 
proper performance assured. Grinnell Company, Provi- 
dence 1, R. IL. Branches in principal cities. 


GRINNELL 


WHENEVER PIPING IS INVOLVED 
ENGINEERING GRADUATES HAVE FOUND ATTRACTIVE OPPORTUNITIES WITH GRINNELL 
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Right now, Koppers research scientists are moving into this new $8 million 
research center located in Monroeville, Pa., a suburban area of Pittsburgh. 


Koppers 


moves into 
new 


research center 


This move is typical of Koppers growing emphasis on an aggres- 
sive research and development program, in exploratory and 
applied research, to discover new products and to improve and 
find new uses for existing ones. Koppers research is identified 
with a variety of products, including plastics, coal-tar derivatives, 
wood preservatives, fine chemicals and dyestuffs. 


The Exploratory Section of our Research Department enjoys 
complete academic freedom for the analysis and investigation 
of new ideas and concepts in fields such as polymer chemistry, 
general organic chemistry, catalysis, and organometallics. 


Koppers Research Department provides opportunities for re- 
search assignments in organic, physical, analytical, and polymer 
chemistry. Scientists will be associated with either the Explora- 
tory or Applied Researches Sections, or the Analytical or 
Physical Chemistry Laboratories, as warranted by the interests 
and achievements of the individual. 


Learn about the opportunities for you at Koppers and at our new Research 
Center, where research-minded graduates are offered an ideal atmosphere for 
progressive development. Write the Personnel Manager, Research Department, 
Koppers Company, Inc., Monroeville, Pennsylvania. 


KOPPERS|| 7he industry that serves all industry 
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In a few decades, when space 
flight has become a reality, man 
will need a dependable way of 
sending information across © the 
reaches of the universe. On earth, 
the demand for more and better 
methods of communication will 
become more pressing. Since most 
means of long distance communi- 
cation, such as radio, television, 
and telephone, depend on the use 
of radio waves, improvements in 
their use must soon be made to 
meet this ever-growing demand. 

With man’s increasing use of 
the airwaves, communication has 
become more complicated and 
cramped. Only a limited amount 
of space in the radio spectrum is 
still available for new communi- 
cation channels. One of the rela- 
tively unexplored regions in the 
spectrum is the microwave fre- 
quency range. At these high fre- 
quencies, there is more room than 
in all the wavebands now in use. 
Microwave relays are already in 
use by the intracontinental tele- 
vision networks and by the tele- 
phone companies. But the use of 
these ultra-high frequencies also 
presents some problems. Conven- 
tional vacuum tubes will not work 
in this region; other types of am- 
plifiers also become ineffective as 
the frequencies become higher. 
Recently, a new device has been 





MIT Lincoln Lab. 

The radar installation at MIT's Lincoln 

Laboratory. A maser was used at the 

focus of the antenna to amplify radar 
signals returning from Venus. 
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THE MASER 


NEW DEVICE WILL AID LONG-DISTANCE COMMUNICATION 


by Robert Stern, EE °63 


developed which will fill the gap 
which vacuum and other types of 
tubes have left in microwave com- 
munication equipment, This new 
device is called the maser (for 
Microwave Amplfication by Stim- 
ulated Emission of Radiation). 

Basically, communication by ra- 
dio waves demands three princi- 
pal components: a transmitter, a 
receiver, and an antenna system 
to radiate and pick up the trans- 
mitted signals. Theoretically, there 
is no limit to the power which can 
be generated and then trans- 
mitted. It is possible to design an 
antenna system capable of trans- 
mitting and picking up _ radio 
waves quite efficiently. But in the 
actual reception and translation of 
radio waves into something mean- 
ingful, a problem occurs: it is im- 
possible to receive radio signals 
which are themselves weaker than 
the random electrical “noise” 
which is always present in the re- 
ceiver, The static (random elec- 
trical noise) drowns out the weak 
signal, much as one coat of paint 
will cover a previously applied 
coat. 

For practicality, the size of 
transmitter or antenna cannot be 
too large; in the case of a space- 
ship, the sizes of both would be 
severely limited. The only alterna- 
tive is improvement of the re- 
ceiver. The size of the receiver 
will not be materially increased 
by improvements, whereas both a 
transmitter and an antenna must 
take up more room as they be- 
come more powerful. A radio re- 
ceiver is made up of an amplifier, 


a demodulator, and some sort of 
output device, usually a speaker. 
Common receivers, such as the 
usual AM radio, use vacuum tubes 
which depend on hot filaments 
which emit electrons in order to 
amplify signals. Electrons flying 
around in an electrical field create 
random thermal and _ electrical 
noise whose strength is often 
higher than that of the incoming 
signals. Hence, the weak signal 
would be lost and only the noise 


would be heard. 


Maser Application 

It is in the field of amplification 
that the maser has its most impor- 
tant application. The maser oper- 
ates at temperatures approaching 
absolute zero—the coldest temper- 
ature attainable. At such low tem- 
peratures, atoms are slowed down 
to a near standstill, so the elec- 
trons generate very little thermal 
noise. Obviously, there can be no 
vacuum tubes operating at these 
temperatures. How, and why, 
then, does the maser work? 

It is known that atoms can exist 
in many states or energy levels, 
corresponding to the amount of 
energy which the atom contains. 
Electrons can gain potential en- 
ergy or lose it in normal processes. 
In any type of energy change with- 
in the atom, the governing law is 
Bohr’s postulate or frequency con- 
dition: E,.—hf,., where E,. is the 
energy change between any two 
energy levels, h is Planck's con- 
stant, and f,, is the frequency of the 
photon which is emitted or ab- 
sorbed during the energy change. 
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A photon (which is nothing but a 
small amount of energy traveling 
with a wave frequency F,,) must 
be omitted if energy is to be con- 
served, 

If an atom somehow is excited 
to a higher energy level, it must 
have absorbed energy, possibly in 
the form of a photon. Let E,, 
represent a change from energy 
level one to energy level three 
which may have occurred. It 
is now possible for the atom 
to lose energy in a number 
of ways; it can emit a photon of 
frequency f,, and fall to energy 
level two, or it can emit a photon 
of frequency f,, and fall back to 
level one, In each case, a photon 
of energy hf and of frequency f,, 
or f,, is emitted. This changing of 
energy levels goes on spontane- 
ously and continuously in all 
atoms. The probability that energy 
will be absorbed is equal to the 
probability that energy will be 
emitted. Therefore, in a normal 
group of atoms, exactly the same 
number of atoms will rise to 
higher energy levels as fall to 
lower levels. Since an atom tends 
to stay in its lowest energy level, 
there will be an _ equilibrium 


where the same number of atoms’ 


are increasing in energy and de- 
creasing in energy; the net effect 
being a preponderance of atoms in 
low energy levels with fewer and 
fewer atoms in the population of 
the higher energy levels. 


The “Energy Pump” 

If it were somehow possible 
to excite atoms artificially into 
higher energy levels, it would be 
more probable that the atoms 
would lose energy, thus emitting 
photons. These photons would 
then add their energy to that of 
the weak signal which is to be 
amplfied, and, since the addition 
of energy to an incoming signal is 
defined to be amplfication, the in- 
put signal would be amplified. In 
practice, it is possible to produce 
this effect, and herein lies the prin- 
ciple of the maser. 

An “energy pump” is used to 
excite the atoms in the maser ma- 
terial to higher energy levels. The 
pump is usually a high frequency 
oscillator which operates at about 
two or three times the freque ncy 
of the signal which is to be am- 
plified." The higher frequency 
waves contain more energy and 
hence have a higher frequency than 
the input signal, so atoms are 
raised to an energy level from 
which they can fall, giving up en- 
ergy to the input signal in the 
process. 

It appears that the maser is a 
very elementary device which 
should have been invented years 
ago. This, however, was not the 
case, for a number of reasons. 
First of all, at room temperature, 
and for most materials, the chance 
of finding enough atoms in the 
energy level used in masers is very 


Bell Lab. 


Original model of “sugar scoop” antenna used at Holmdale, New Jersey. Signals re 
flected off the Echo satellite were received using this device and a maser amplifier. 
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small, An atom tends to remain in 
its lowest energy level, and fur- 
thermore, since the probability of 
an atom increasing its energy is 
exactly the same as the probability 
of an atom decreasing its energy, 
there is no spontaneous tendency 
for more atoms to be in a higher 
energy level. For these reasons, 
the maser must be operated at low 
temperatures so that the probabil- 
ity that an atom will stay in a 
certain energy level is increased. 
Once atoms are excited by the 
pump oscillator, they will stay ex- 
cited for longer pe ‘riods of time. 
Special materials must also be 
used, for even at low tempera- 
tures, most materials still lose en- 
ergy too fast to be of any use in 
a maser. 

It is only within the last ten 
years that the necessary tech- 
niques and materials for maser 
operation have been developed. 
The details of choosing the maser 
material and processing it for use 
are too complicated to describe 
here but in fact most masers use 
ruby, which is just aluminum ox- 
ide contaminated with a few chro- 
mium atoms, The ruby is in a 
crystalline form and is easy to 
handle. Once the maser has been 


cooled to a temperature of about 
four degrees above absolute zero, 
the pump is turned on. 

Energy pumping is achieved i 


a variety of ways, each incon 
on the proposed use of the partic- 
ular type of maser. The first maser 
used gaseous ammonia molecules 
as the active material. There was 
no actual pumping; electrostatic 
fields merely separated the atoms 
which were found at high energy 
levels from those which were at 
low energy levels. Since at any 
one time, some atoms are likely to 
be in a higher energy state than 
others, it was possible to separate 
the two kinds and feed the high 
molecules into a cavity (an elec- 
trical device often used at high 
frequencies; it usually looks like 
a large elaborate metal can or 
box). The cavity had a very high 
efficiency, so that little energy was 
lost and most of it could be used 
for amplifying a signal. But the 
ammonia maser is not used as an 
amplifier; its low loss and the 
characteristic vibration frequency 
of the NH, molecule make this 
first maser a very accurate atomic 
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clock, But another type of exciter 
which has been used is the one 
called an “optical pump.” This 
pump makes use of light to excite 
atoms to higher energies, The 
atoms then lose energy by means 
of photon emission as do the other 
types; this maser is also used 

a frequency standard and is a 
great help a type of spectros- 
copy.” 

Most masers today use a para- 
magnetic material which can be 
pumped by reversing the spin of 
some of the electrons in the atom. 
A paramagnetic material is one 
which exhibits some slight amount 
of magnetism due to some 
unpaired electrons, The spinning 
of an electron generates a small 
magnetic field; but the field is usu- 
ally cancelled by another electron 
which spins in the opposite direc- 
tion. In the paramagnetic mate- 
rials however, some magnetic 
fields are not cancelled, resulting 
in a small amount of magnetism. 
Since ruby is one of these mate- 
rials, the process of pumping in 
ruby will be described. 


Either of two methods may be 
used in pumping the ruby maser, 
but both use the same principal. 
Any atom whose electrons are 
spinning in a particular fashion 
has a certain amount of energy. 
If the ruby is now put in a mag- 
netic field, the spinning magnets 
(electrons) tend to line up their 
little magnetic fields with that of 
the externally applied field. When 
a steady state is reached, the 
atoms have a certain energy. If 
the spinning electrons now have 
their spin reversed, the energy of 
the atom increases because the 
electrons need energy to align 
themselves against the external 
magnetic field. There are three 
ways of reversing the spins of the 
electrons: one method “flips” the 
electrons over by means of an ex- 
ternal magnetic field; another uses 
a strong microwave pulse which 
quickly reverses the spins and is 
then turned off; the third method 
in effect reverses the spins by re- 
versing the magnetic fold which 
has been applied, thus aligning 
the spins against the magnetic 
field. Two-level pumping must be 
pulsed. Since only two energy 
levels are involved, the pump can- 
not be run continuously because 
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The transmitting and receiving installation at Holmdale, New Jersey. The cabin at 
the apex of the antenna in the foreground contains the maser device used to amplify 
the signals bounced off the echo satellite. 


energy from the pump would af- 
fect the input signal adversely. 
The resultant output would in no 
way resemble the input signal 
since the pump generates signals 
of random phase and tends to can- 
cel the input signal. By using 
pulsed pumping, the atoms are 
excited, the pump is turned off, 
and the maser is allowed to amp- 
lify; then the whole process is re- 
peated. This method is very ineffi- 
cient because the maser amplifies 
for only a short period during a 
full cycle and the amplification is 
not constant.’ The three level 
maser (Bloembergen) is named 
after the Harvard scientist who 
first proposed its use, In_ this 
pumping method, atoms are ex- 
cited to some energy level E,,. The 
signal which is to be amplified 
has a frequency corresponding to 
the transition between levels three 
and two (E,.). Thus, when the 
signal to be amplified is applied, 
the excited level (three) atoms 
emit photons and amplify the sig- 
nal, This type of pumping can be 
continuous since the pump in no 
way affects the input signal. 


Types of Masers 

There are three main types of 
working masers. The simplest type 
is the line amplifier. Here, there 
is merely a waveguide—a piece of 
electrical plumbing—which — con- 
tains the excited atoms. A signal 


is introduced and, in the process 
of passing through the waveguide, 
is amplified, However, this type 
of maser can handle only very low 
power; its efficiency is very much 
less than fifty pe rcent, and it must 
be several yards long to achieve 
a power gain of ten. Its advantage 
is in its characteristic low noise 
factor: the ratio of output noise 
to input noise is only 1.004 at 
300°K. A good noise factor for a 
conventional traveling wave tube 
at such high frequencies is about 
ten. 

The resonant cavity maser is an 
improvement over the line ampli- 
fier. Due to the low losses in a 
cavity (as previously stated), a 
signal which enters a_ cavity 
bounces back and forth from the 
cavity walls many times before it 
emerges at the output of the cav- 
ity. The signal has more time to 
interact with the excited maser 
atoms, thus achieving more gain 
due to the fact that more photons 
will be emitted by the maser crys- 
tal. The noise figure of the cavity 
is slightly lower than that of the 
line amplifier, but increases as fre- 
quency according to the same x 

hf ¢ 


mula: 


Noise Figure = l+f 


The cavity has two main pa, an- 
tages: due to the low losses, the 
amount of photons emitted be- 


comes increasingly larger, until 
the cavity tends to oscillate (emit 


17 





The 6 most important factors 


in your working life are 
your 5 skilled fingers and 
your A.W.FABER-CASTELL 
#9000 Drawing Pencil. 


You may prefer LOCKTITE 
#9800SG Tel-A-Grade 
lead holder with CASTELL 
#9030 Drawing Leads. 


We are strictly impartial. 
You be the sole judge. In 
either case you will get 
graphite-saturated lines that 
won’t flake, feather or burn 
out—black, bold image 
density, crisply opaque for 
clean, sharp prints. 20 
rigidly controlled degrees, 
8B to 10H, each as precise as 
a machine tool. LOCKTITE 
Tel-A-Grade, with its finger- 
comforting grip, carries an 
ironclad 2-year guarantee 
from A.W.FABER-CASTELL. 
Pick up your selection at your 
college store today. 


A.W.FABER-CASTELL 
Pencil Co., Inc., Newark 3, N. J. 





A-GRADE 


Ole @ans TE 


CASTELL Wis) 


| 


| 


a steady tone at its resonant fre- 
quency ). Also, the cavity has only 
one frequency of operation—it 


| cannot be tuned. In order that the 
| maser can be used, it is desirable 





if not necessary that it be tunable. 
Another problem is that the band- 
width of the cavity is very nar- 
row, This means that the range 
of frequencies over which it can 
be used is small. Information 
theory tells us that unless the 
bandwidth is large enough, we 
cannot transmit all the information 
we want, The amount of informa- 
tion (speech, digits, or modulation 
of any sort) is directly dependent 
on the bandwidth of the amplifier. 
Thus, if we have an AM radio, we 
need a bandwidth of ten kilo- 
cycles; for FM radio, we need a 
bandwidth of three hundred kilo- 
cycles; and for television signals, 
a bandwidth of six thousand kilo- 
cycles. From this it is seen that a 
wider bandwidth enables us to 
transmit more useful information. 

The most advanced type of 
maser is still under development, 
but its advantages are already 
clear. The traveling-wave maser 
has a lower noise factor, is more 
stable, may be electronically 
tuned, and has a much larger 
bandwidth. In a_ traveling-wave 
maser now in use, gains of 25 
decibels (power gain of 300) are 
possible in a tube length of only 
five to ten inches. This is far su- 
perior to the cavity maser de- 
scribed above. Such large gains in 
such a short distance would not be 
possible if the signal which is to 
be amplified travels at the speed 
of light as it normally does. The 
TW maser uses a slowing device 
which gives the signal more time 
to react with the maser atoms; 
although the linear path is short, 
the actual path length is extremely 
long. The slowing device is incor- 
porated into the maser as a series of 
small metal rods which project into 
the waveguide like the teeth on 
a comb. When the input signal 
hits the rods, it is reflected and 
slowed down due to a resonance 
effect. Such a device was used in 
the recent tests of the Echo satel- 
lite; signals from California were 
reflected off the aluminum coated 
satellite and received in New Jer- 
sey by means of a maser and a 
large antenna. 


Potential Uses 

The maser is becoming more 
and more useful as science ad- 
vances, From its beginnings as a 
curious physical phenomenon, the 
maser has been developed and ap- 
plied to a multitude of uses such 
as long range radar—the reflected 
signals from very distant objects 
can now be picked up and viewed 
on a screen—and radio astronomy— 
the range of radio telescopes has 
been extended. Other uses of 
masers include: testing of the the- 
ory of relativity, accurate meas- 
urement of time, possible use in 
relaying television around the 
world, and checking the speed of 
light. 

Recently, a type of maser, a 
light maser, was developed. By use 
of a ruby cylinder, it generates a 
pencil-thin beam of intense light. 
The rays are almost parallel and 
hence, such a ray, if projected 
from the earth to the moon would 
only illuminate a few square miles 
of the moon's surface. The “laser” 
could be used for future communi- 
cation when other frequencies are 
filled. Thus, the maser and its by- 
products have a bright future and 
assure man of enough room to use 
for communication for a long time 
to come, 
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CORNELL STUDENT 
DESIGNS LUNAR 
IMPACT PROBE 


by Jeremy Shapiro, ME °62 


Cornell U, News Bureau 

DESTINATION MOON—Inspired to enter rocketry by a moving picture of that name, Julian I. Palmore, engineering physics 

major, has won the American Rocket Society-Chrysler Corporation Undergraduate Student Award just 10 years later. His paper, 
“Lunar Impact Probe,” won the Cornell student a $1,000 prize and a citation presented at a dinner in Washington, D.C. 
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Lunar impact Probe 

A basic requirement of the 
Bachelor's degree in every Cornell 
engineering curriculum but civil 
engineering is completion of a fifth 
year project by each candidate in 
his major field of study. All of the 
projects involve a good deal of 
original and independent thinking. 
Occasionally one of our students 
-becomes involved in a project that 
is more than just an interesting, ed- 
ucational study of some engineer- 
ing problem, but one that can ac- 
tually provide important new in- 
formation about the problem un- 
der investigation, and sometimes 


even present a solution to it. 
Such was the project submitted 
by Julian Palmore III, EP ’61, on 


the design of a lunar impact probe. 
His design is probably the first one 
developed in this country, and rep- 
resents a concrete method of in- 
vestigating the moon's surface. 
The definite need for a probe to 
gather information about the na- 
ture of the moon’s surface becomes 
obvious when one considers the 
various theories concerning it. Pro- 
fessor Gold of the physics depart- 
ment at Cornell contends the 
moon's surface “is similar to the 
one you would get if you took 
thousands of ping-pong balls and 
glued them together in layers — 
very light and very rigid, but not 
capable of supporting heavy ma- 
terial that isn't properly designed.” 
On the other hand, some scientists 


feel that the surface is solid, while 
a third group maintain that it is 
completely composed of dust. 

Obviously, any design of equip- 
ment for lunar exploration cannot 
be done without a knowledge of 
the surface consistency, as the pos- 
sibilities provide vastly different 
design requirements. 

After many months of study, 
Palmore arrived at a final solution 
thought to be so comprehensive by 
the American Rocket Society that 
they awarded him their annual 
$1000 prize for the outstanding 
technical paper on space sciences 
by an undergraduate during the 
year 1960. 

Here is a resumé by Palmore of 
the basic features of his lunar im- 
pact probe: 





Need for Lunar Probe 

The nature and exact structure 
of the lunar surface is a problem 
with plausible but unconfirmed so- 
lutions. The importance of obtaining 
information about it cannot be 
overemphasized since manned 
exploration of the solar system will 
begin within fifteen years, and de- 
tailed knowledge of the moon and 
the planets is essential to the de- 
sign of space ships and surface ve- 
hicles. Because there exists a lead 
time of several years in the devel- 
opment of vehicles and other sur- 
face operating equipment, it is im- 
perative that the necessary surface 
data be obtained as rapidly as pos- 
sible. 

A second and more important 
scientific reason for examining this 
structure is that knowledge of the 
surface accounts for much of the 
past lunar history and holds a key 
to the origin of the solar system. 
The surface structure can relate 
the lunar past very effectively since 
little erosion has occurred com- 
pared to the amount that has oc- 
curred on the earth. 


Proposed Surface Structures 

The basic distinction to be made 
between the proposed surface types 
is that a lunar surface material 
may be solid and therefore moder- 
ately substantial, or a dust. Usual- 
ly an increase in material density 
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is accompanied by an increase in 
the stiffness and strength of the 
material. Therefore, the properties 
of the surface would be directly re- 
lated to the resistance it offered to 
penetration by a projectile. If it 
were found that little resistance 
were offered, a dust would be the 
more probable structure. 


“Hard Landed” Versus 
“Rough Landed” Probe 


One way the needed information 
can be obtained is through the use 
of “hard landed” instrumented 
probes which can be developed 
rapidly for use within a year or 
two. Basically, the distinction be- 
tween a “hard landed” probe in 
contrast to a “rough landed” probe 
is that the former falls to the sur- 
face with a velocity approximately 
equal to the lunar escape ve locity 
of 2.35 km/sec (7710 ft/sec) while 
a “rough landed” probe employing 
retro-rockets could land with a pos- 
sible error of a hundred feet per 
second, depending on the accuracy 
of the vehicle control. 


Determination of Surface Properities 

The fundamental idea associ- 
ated with a determination of sur- 
face properties by an impact probe 
is in measuring the elastic com- 
pression wave generated on im- 
pact followed by a destructive 


plastic wave in the probe. The 
maximum elastic wave strength is 
determined by the yield point of 
the probe material and the dy- 
namic elastic properties; however, 
the stress increase with time at a 
sensing station depends upon the 
surface properties and the probe 
geometry. 

By varying the basic geometry, 
it is feasible to distinguish between 
different types of surfaces by meas- 
uring the decceleration of the ma 
teria] at a station in the probe re- 
moved from the initial impact 
point. The distance this station 
should be from the impact point 
depends upon such parameters as 
1) the velocity of plastic waves in 
the material compared to elastic 
waves, thereby defining a time 
limit in which useful information 
can be obtained before destruction 
of the probe, 2) the velocity of im- 
pact and time of subseque nt pene- 
tration into the surface. The pene- 
tration speed (assumed essentially 
constant for the transient portion 
of the probe geometry) deter- 
mines the resultant stress on the 
probe. The elastic wave contains 
the essential data subsequently 
broadcast to earth. The data must 
be analyzed for surface information 
by comparison with calibrated 
curves of force as a function of time 
for various surfaces before the lu- 
nar mission. 
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Julian I. Palmore 


In the past several years the pos- 
sibilities for putting man into space 
have increased to the point that it 
is advisable to discuss some of the 
reasons that man should and shall 
go into space I shall not discuss 
a particular program, rather the 
general scheme There are five 
outstanding reasons for his adven 


ture: 


Overall Medical Advances 


In the late nineteenth and early 
twentieth century many historians 
and some predecessors of the mod- 
ern day science fiction writers tried 
to describe the state of the world 
fifty to 100 Jules 
Verne and H. G. Wells are among 
the best known of this group today 
The members of this group (by no 
means singular in history) prophe 
sied the effects produced on fu- 
ture society by developments oc- 
within the human race. 


years hence 


curring 
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WHY MAN 
MUST ACHIEVE 
SPACE TRAVEL 


by Julian Palmore III, EP ’61 


Present-day readers will note that 
only one or two fields were chosen 
by Verne to establish the picture; 
H. G. Wells, however, showed in- 
sight into the nature of the prob- 
lera by looking at the overall 
scheme, 

The state of advancement in a 
particular science depends upon 
advances in other fields. Today, 
chemistry stands on foundations 
established in physics while at the 
same time, important new discover- 
ies are being made in medicine be- 
cause of the work of the chemist 
and physicist. The space frontier 
will open new aspects of medical 
science in that the conditions in 
space, primarily weightlessness and 
the effect of cosmic rays on living 
organisms, cannot be reproduced 
here on the earth. The action of 
the body and mind under condi- 
tions of extreme isolation and 
boredom can only be duplicated 


with the additional effect of the 
volunteer test environment interac- 
tions being introduced under high- 
ly artificial conditions. Psychology 
will benefit from man’s experiences 
in this new environment. Gradual- 
ly, as the developments in the field 
expand, the sociological aspects 
of the group emerge. Knowledge 
in one field supports advances in 
all fields. Therefore, we cannot af- 
ford to overlook these new inter- 
actions. It is possible that know- 
ledge obtained in space may offer 
successful avenues of approach to- 
ward solving many of today’s 
medical problems. 


The Compelling Urge To Do So 
This aspect is the one most fre- 
quently advocated by space flight 
enthusiasts and denounced as un- 
realistic by the opponents of 
manned space flight. This reason 
exists and must be contended with 
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in the approach to new frontiers. 
Some seek space travel as a 
means of escape, some seek it for 
the psychological and moral op- 
portunities presented. Some _ seek 
travel in space for the beauty and 
adventure of a new frontier, a new 
depth in man’s experience, 


Man As An Instrument 

This is a startling title as a rea- 
son given for man’s adventures 
into space. The main point is that 
men can do some things which in- 
instruments cannot, surprising as it 
may seem! An old scientific saw 
exists with respect to opposing 
travel through space. The saw is 
paraphrased as follows: man’s 
sensory apparatus is limited to de- 
tecting a narrow band in the en- 
tire spectrum of knowledge exist- 


ing today. Man cannot see cosmic 
rays, but his instruments can, etc. 
Why then send men into space 
since this limitation exists? The 
reason for manned flight is that 
this limit does exist for the quanti- 
ty and quality of information man 
can receive. An instrument has an 
inherent limitation in that it can- 
not outthink a man, At least, no 
instrument capable of being put 
into present day American space 
vehicles can! A man in space or 
on the surface of a planet can 
make a five minute observation that 
would put an instrument to shame. 
In exploring unknown environ- 


ments, whether it be the world of 
the atom or the depths of the uni- 
verse, man develops instruments 
as tools. In no cases has a man de- 
veloped an instrument to replace 


Wearing an aluminized space suit, Mercury Astronaut L. Gordon Cooper stands 
near a Project Mercury capsule at Langley Field, Va. The capsule, and another one 
in the background, are prototypes of the one in which Cooper or one of the six other 
Astronauts will ride into space in the near future. 
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himself before he has gone into 
the new environment if it is pos- 
sible for him to do so, In the pre- 
ceding article, the paper “Lunar 
Impact Probe” was discussed. This 
device was designed to investigate 
the lunar surface material without 
the necessity of surviving the lunar 
impact. For planetary exploration 
such an instrument would be un- 
suitable if launched from the 
earth. This is because there is no 
way known at present to select a 
suitable impact point. A geologist, 
however, on the surface of the 
planet, could make a several min- 
ute investigation which no instru- 
ment could do. Another striking 
limitation of an instrument is that 
data is obtained; but in many cases 
too much data. For example, in the 
flights of sun orbiting satellites 
passing through the Van Allen ra- 
diation belts, on their outward 
journey much data was obtained. 
Enough to analyze for about three 
years! Only a human being can 
ultimately decide what data will 
be of value to himself. If no way 
is known to predict the exact con- 
dition existing on planets, how can 
the instruments be designed to ac- 
count for the unexpected? 

Reviewing scientific develop- 
ments one finds in general that 
many observations, and in some 
cases experiments, are required to 
enable the investigator to develop 
a suitable theory explaining the 
phenomenon. No instrument can 
be developed to replace the human 
intellect in the discovery of new 
phenomena in inaccessible places 
unless it has the power of the hu- 
man intellect, the power to ap- 
preciate that which the human in- 
tellect appreciates. 


For Philosophic Reasons 


The other reasons lead to the 
philosophic reasons for going into 
space. Man appreciates many 
phenomena: the rising of the sun, 
the silence of a desert, a full moon. 
He views many objects, he experi- 
ences many stimulants. He appre- 
ciates much of what he senses. He 
calls some of these sensations: 
beautiful, pure, awesome, terrify- 
ing. It is a true interaction with his 
environment, These cannot be ap- 
preciated through numbers and 
measurements in many cases, Man 
seems to enjoy much of this in- 
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Technicians look over a unique Project Mercury high altitude simulator at Cape Canaveral, Florida. The simulator will be able to 
accommodate an astronaut in a “Mercury Pod” and reproduce conditions existing 45 miles up. The astronaut's reactions can then 
be studied by scientists through windows in the high altitude test chamber. 


teraction. Some is vital to him, 
much of it is not, in that he could 
“survive” as a living creature with- 
out it. Space is the first environ- 
ment in which it will be possible 
for man to sense the interactions 
with the third dimension of space. 
Essentially, we live in a two times 
one dimensional world, that is, two 


dimensions of space, one dimen- 
sion of time. Immersed in the third 
dimension (being in a condition 
that all three dimensions are sen- 
sorially equivalent) may prove to 
be of much stimulation. One can- 
not overlook this fourth reason. 


Missed Accomplishments 

I mean this in a sensible way 
and do not intend it to mean the 
reason that one does not walk into 
a holocaust. A simple example may 
illustrate the problem. If, for some 
reason or other, doctors decided 
a priori that cancer could not be 
caused by viruses in any conceiv- 
able instance, and adopted the rule 
that no doctor would be allowed to 
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investigate the causes of cancer 
from this point of view, the above 
reason stands out clearly. 

Of course the opponents of 
space flight may still question the 
value of all the above reasons 
listed for the important question 
of financing such a venture. Let 
me first say there are two classes of 
opponents of manned space flight: 
the first is the group that admits of 
the need for instrumented explora- 
tion; the second advocates no ex- 
ploration at all. Most scientists 
listed in either group are listed in 
the first. The expenditures neces- 
sary in this case are additional, 
and I think considering the de- 
velopment of such systems as 
the one or two billion dollar B-70 
being developed, one may safely 
disregard the financial aspect. The 
second group is morally right in 
asking the question, for being con- 
cerned with human burden on 
earth, the entire financial burden 
of space exploration appears ques- 
tionable. No program for the ben- 


efit of humanity should suffer for 
space exploration. What can afford 
to suffer? Possibly some of the 
waste that exists in the country 
today in government, industry, 
and especially personal life. Much 
of the defense spending is a nec- 
essary and essential safeguard in 
today’s world. Careless thinking 
in government and industry can 
cost the country billions of dollars 
and precious time. Careless think- 
ing in a person’s life can cause him 
grief immeasureable in terms of 
dollars and cents, The important 
point is this: the country has the 
capacity to meet the challenge of 
space with the only sacrifice being 
the waste accumulated within to- 
day’s society. If the space program 
were only another financial bur- 
den on the taxpayer it would not 
be worth the money, But it is 
more, much more than this. It is 
one of the programs adding to 
man’s capacity to understand, to 
comprehend. It is a future invest- 
ment in the human race. 
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POLARIS: Northrop’s Datico checks SKYBOLT: Guidance and navigation MERCURY: The Northrop landing sys 

out Polaris at all levels of mainte- systems are being developed by Nor- tem is designed to bring the Mer. 

nance and operation. throp for this new and highly secret Cury astronaut down safely 
air-launched ballistic missile 


Northrop is now active in more 


X-15: Northrop produces Q-Ball, the AERODYNAMICS: Northrop’s Laminar TITAN: Northrop supplies complete 

flight angie sensor for safe re-entry Flow Control technique is designed technical and industrial management 

of X-15 and other aerospace vehicles. to greatly increase aircraft range, flex- to activate the 1-2 Titan missile base. 
ibility, cargo and passenger capacity 


For work on these advanced programs, we seek exceptional engineers, scientists and mathematicians. 
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WAWK: Northrop produces airframe 
components, ground handling and 
launching equipment for this air de- 
fense missile 


TARGET MISSILES: Northrop has pro- 
duced more than 50,000 electron 
cally- controlled aerial targets, and 
surveillance drones 


Write Northrop Corporation, Box 1525, Beverly Hills, California. Divisions: Norair, Nortronics, Radieplane. 
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COMMUNICATIONS: Northrop designs 
the trans-Pacific Scatter Communi- 
cations Network and other worid- 
wide communication systems for 


7-38: World's first supersonic twin- 
jet trainer is built by Northrop for 
the United States Air Force. 


U.S. and free world governments. 


than 70 important programs 





COMMERCIAL METAL PRODUCTS: Nor- 
throp produces aluminum architec- 
tural shapes for many important 
industrial and commercial buildings. 


SPACE RESEARCH: Northrop’s accel- 
erated space research programs 
reach into such advanced areas as 
maneuverability, rendezvous, space 
vehicle maintenance, space probes, 
and the survival of men in space. 


When writing to advertisers please mention the Cornett ENGINEER. 





Each 6,000,000 pound thrust rocket ship now being planned for manned 
interplanetary exploration will gulp as much propellant as the entire capac- 
ity of a 170 passenger DC-8 Jetliner in less than 4 seconds! It will consume 
1,140 tons in the rocket's approximately 2 minutes of burning time. Required 
to carry this vast quantity of propellant will be tanks tall as 8 story buildings, 
strong enough to withstand tremendous G forces, yet of minimum weight. 
Douglas is especially qualified to build giant-sized space ships of this type 
because of familiarity with every structural and environmental problem 
involved. This has been gained through 18 years of experience in producing 
missile and space systems. We are seeking qualified engineers and scien- 
tists to aid us in these and other projects. Write to C. C. LaVene, Box B-600, 
Douglas Aircraft Company, Santa Monica, California. 


Dr. Henry Ponsford, Chief, Structures Section, discusses valve and 
fuel flow requirements for space vehicles with DOUGLAS 
Donald W. Douglas, dr., President of 


MISSILE AND SPACE SYSTEMS J MILITARY AIRCRAFT & DC-8 JETLINERS J CARGO TRANSPORTS & AIRCOMB® &§ GROUND SUPPORT EQUIPMENT 
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THE NEW BASIC 
STUDIES PROGRAM 


The latest step in the curricular 
development of the College of En- 
gineering is the establishment of a 
Division of Basic Studies, designed 
to provide a two-year common 
program for all engineering stu- 
dents, in which emphasis is to be 
placed on preparation in science, 
mathematics, and engineering sci- 
ence fundamental to technological 
study in any branch of engineer- 
ing. Its further purpose will be to 
assist freshman and sophomore 
students in their choice of a branch 
of engineering. 

Since Cornell's founding, nearly 
one hundred years ago, the facul- 
ty of the College of Engineering 
has been mindful of the needs in 
engineering education; in particu- 
lar, a sound foundation in science 
and mathematics and in engineer- 
ing science, and a program of 
technological studies which would 
faithfully transmit from one gen- 
eration of engineers to the next the 
methods and practices which have 
come to form the heritage within 
each engineering discipline. The 
proper balancing of these factors 
has not been easy; Cornell ex- 
tended its curricula to five years 
to provide what it thought to be 


By Donald H. Moyer, Director 
Office of Student Personnel 
College of Engineering 


the essence of good engineering 
education; other colleges in the 
traditional four-year span have of- 
ten resorted to imbalance, lean- 
ing heavily to engineering science 
on the one hand or technology on 
the other. 


Background of Program 

In large measure the Division of 
Basic Studies will consolidate the 
academic developments of many 
years in engineering at Cornell. 
Ever since the creation of the five 
year curricula in 1946 the College 
has offered essentially a common 
program of studies for the first two 
years. There were minor peripher- 
al differences, as for example in 
the drawing courses, surveying, 
and the chemistry courses for the 
chemical engineers; but at least, 
with the exception of chemical en- 
gineering, a student could trans- 
fer from one division to another 
up to the end of two years with- 
out appreciable penalty. The core 
of each curriculum in the fresh- 
man year has been mathematics, 
physics, chemistry, and English, 
and the basic studies program will 
incorporate all these. Each School 
has handled graphical representa- 


Comell U. 


Carpenter Hall, which houses the administration offices and library for the college 


of engineering. 
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tion in its own way, and each has 
provided its own orientation deal- 
ing primarily with the subject mat- 
ter of its own branch. In the sec- 
ond year mechanics and materials 
have in one manner or another 
been a common requirement along 
with the continuation of mathe- 
matics and science. Beyond the 
sophomore year the engineering 
science courses have tapered off, 
with the notable exception of en- 
gineering physics, while each 
branch has developed its sequen- 
ces of technological courses com- 
bined in all instances with pres- 
cribed and elective courses in the 
humanities and the social sciences. 

One of the chief criticisms 
which has been leveled at the five- 
year curricula is the obligation 
placed upon prospective students 
to select a branch of engineering 
at the time they matriculate in the 
College. Despite the protestation 
that such a commitment need not 
be an irrevocable one, there is lit- 
tle doubt that some students for 
this very reason have been dis- 
suaded from even making applica- 
tion to Cornell. Certainly it has 
been evident that a large propor- 
tion of our freshmen have made 
only a tentative choice of engineer- 
ing field, and it is equally apparent 
that among these have been a con- 
siderable number who in the first 
two vears have found it difficult 
to arrive at a firm conviction as 
to their ultimate engineering ob- 
jective. The basic studies curri- 
culum is being designed to meet 
these problems more realistically 
and at the same time retain the 
more desirable attributes of the 
previous first two years of the five- 
year programs. 


Basic Curriculum 

Beginning with the fall semester 
of 1961 applicants to the College of 
Engineering will be asked only to 
state a preference for a branch of 
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engineering; all will matriculate 
for the freshman year in a single 
Basic Studies curriculum of mathe- 
matics, physics, chemistry, Eng- 
lish, and a course to deal with en- 
gineering problems and methods. 
This last course is an innovation, 
forming a three-semester sequence 
for the purpose of acquainting 
students at an early stage with 
graphical representation, measure- 
ments, and methods of computa- 
tion; its other phase will endeavor 
to present to freshmen and sopho- 
mores through their active partici- 
pation the nature of engineering as 
a profession, as well as investiga- 
tions of its various branches and 
their functions, This will afford an 
early means for new students to 
form intelligent judgments con- 
cerning their ultimate occupa- 
tional objectives. A program in 
mathematics and physics will con- 
tinue for all students in the second 
year and a first course in mechan- 
ics will begin then. In addition, all 
students except those in chemical 
and metallurgical engineering will 
have the third semester course in 
engineering problems and meth- 
ods, semester courses in chemistry 
and materials science, a two-term 
liberal elective, and a one semester 
rofessional course to be specified 
& the professional division in 
which the student at the end of his 
third term has tentatively ex- 
pressed a preference. Some stu- 
dents may be permitted to defer 
one of the liberal electives in order 
to take a professional course in a 
second alternative area in the 
fourth term. In addition to mathe- 
matics, physics, and mechanics, 
students expressing an interest at 
the end of the freshman year in 
chemical and metallurgical en- 
gineering will take three courses in 
each semester of the sophomore 
year to be specified by the division 
of their choice. 


Indication of Preference 

While under this program most 
students will not be obliged to 
commit themselves to a branch of 
engineering until the end of their 
sophomore year, each will be 
asked for any preference he may 
have at the time he files his appli- 
cation, when he matriculates, and 
at the conclusion of the first year. 
From the time he enrolls each stu- 
dent will be assigned an adviser in 


the field of his expressed _prefer- 
ence if any, and the faculty be- 
lieves that together with the cour- 
ses in engineering problems and 
methods and the exploratory pro- 
fessional courses all students 
should be well prepared by the be- 
ginning of their third year to es- 
tablish a valid vocational objec- 
tive, 

Students will be admitted to the 
professional division of their choice 
on successful completion by uni- 
form standards as specified by the 
Division of Basic Studies of: 1) 
the required curriculum of the Di- 
vision of Basic Studies and 2) the 
sophomore course or courses, if 
any, required by the division of the 
student's choice. 


Details of the foregoing curri- 
culum are still subject to final de- 
termination by the faculty and by 
the Director and Executive Board 
of the Division of Basic Studies. 
This board will be composed of 
six members of the engineering 
faculty plus not more than five 
non-voting advisory representa- 
tives from departments outside the 
College which provide freshman 
and sophomore instruction. 


Cornell has often pioneered in 
engineering education, and while 
this common program for freshmen 
and sophomores may not be a new 
concept it does incorporate long- 
tested elements of engineering edu- 
cation with a perceptive approach 
to student psychology. While rec- 
ognizing that engineering practice 
has its roots in mathematics, sci- 
ence, and engineering science, it 
assumes that the traditional engi- 
neering disciplines, however modi- 
fied they may one day become, 
are still an integral part of engi- 
neering education. It is not, there- 
fore, designed as the precursor of 
a common engineering program 
for theorists only. Researchers we 
must have, but likewise we must 
educate people to build bridges, 
develop machines, design appara- 
tus, and operate the manifold 
complexities of the manufacturing 
world. Cornell proposes to do just 
this and considers this latest de- 
velopment of the College as a con- 
structive step forward in its un- 
ceasing efforts to provide for its 
students the best preparation in 
engineering any institution can 
give. 
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GLARE DISCOMFORT 


CORNELL GROUP STUDIES GLARE EFFECTS 
OF LARGE SOURCES OF LIGHT 


by William D. Nickles Jr., EE ’65 


Lighting practice has undergone 
a great change during the last 
decade. In both natural and arti- 
ficial lighting, the move has been 
away from small windows and 
small luminaires towards very 
large sources of light. 

Although large sources are of- 
ten of much lower brightness than 
those they replace, complaints of 
glare or of discomfort in some 
form are still heard, This could be 
due to a general movement to- 
wards higher standards of comfort 
in all the things of life, or it could 
be due to real visual effects, so far 
unsuspected. 

In 1956, a symposium was held 
at the University; discomfort due 
to glare was a major topic of dis- 
cussion. As a result, the Ilumi- 
nating Engineering Research Insti- 
tute has sponsored a_ research 
project on this topic This project, 
international in scope, is under the 
direction of Professor E. M. 
Strong. Dr. R. G. Hopkinson of the 
Building Research Station, Wat- 
ford, England, and Robert C. 
Bradley, Research Associate, 
School of Electrical Engineering 
at Cornell, are the leading men 
engaged in the research. 

The purpose of this project is to 
determine the basic relationships 
between glare discomfort, the 
brightness of a source of light and 
its surroundings, and the size of 
the source. 


Background to the Study 


The systematic study of discom- 
fort effects from glare began with 
the work of research teams work- 
ing in the United States in the 
1920's. The result of this research 
was an expression relating the phy- 
sical variables which govern glare 
discomfort: 
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BP Wa Experimental Arrangement 

Fr The experimental arrangement 
Where — B, is the luminance of at Cornell is based on a very large 
the source source consisting of a_ vertical 
W is the apparent size of bank of closely arranged fluores- 
the source cent lamps whose light is diffused 
* is the luminance of by an opal plastic screen. This set- 
the surroundings up presents a large surface of uni- 
They agreed on assigning values form brightness to the observer. 
of p, q, and r in the ratio of ap- A system of dimmers permits a 
proximately 1.6:0.6:1.0. smooth control of the brightness 

However, it was found thru of this source. ; 
later research that the formula for 
finding the glare constant applies 
only when the source is not very 


Glare Constant — G = 


The surrounding illumination is 
provided by other fluorescent 
large and does not produce a very lamps set in a system of screens 
high illumination at the eye. A de- so constructed that a substantially 
tailed study of the effect of a verv uniform surrounding illumination 
large source on glare discomfort is seen by the observer. For dark 
was considered necessary for pro- surrounding conditions all sur- 
gress, faces were of black cloth. 


Cornell U. 

Students, acting as observers, are placed in a large cloth room approximately 9 feet 
square in cross-section and 16 feet long, facing the glare source (see left photograph). 
They are asked to adjust the brightness of this glare source until they feel the glare 
situation they are in is, for example, “just acceptable,” or “just uncomfortable.” 

The source (shown from the back side in right photograph) is composed of 59-200 
watt, fluorescent lamps in front of which is placed a sheet of diffusing plexiglass. It 
can be masked to visually present useful sizes up to 7 feet square. The glare source 
brightness ranges-varying between 23,700:1 and 3,200:1 for different source sizes— 
provide for very smooth control, completely free of flicker by observer. 
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Experimental Procedure 


The experiments were conducted 
by means of the Multiple Criterion 
Method. To begin, the source was 
turned off and the background set 
up. The observers were required 
to sit for approximately ten to fif- 
teen minutes in these surroundings 
to adapt to the conditions. It had 
previously been explained to the 
observer what was demanded of 
him; first, he must raise the bright- 
ness of the source himself by 
means of the dimming control 
knob until the threshold of glare 
(criterion D) was reached. After 
this setting was recorded, the ob- 
server slowly raised the brightness 
of the source again, allowing 
pauses for adaptation, until the 
next degree, just acceptable glare 
(criterion C) was reached. Crite- 
rion B, just uncomfortable glare, 
came next, and finally criterion A, 
just intolerable glare. This experi- 
ment was run again and again with 
different conditions. 

The variation of the size of the 
source as seen by the observer was 
obtained by a series of masks over 
the source, and also by moving the 
observer nearer to or farther from 
the source. This was done to prove 


the assumption that the governing 
factor in glare discomfort in the 
spatial sense is the apparent and 
not the real size of the source. 


Selection of Observers 

Ideally, all experiments destined 
to lead to general recommenda- 
tions on lighting should be con- 
ducted with a sufficient number 
of observers to represent the whole 
population to whom the recom- 
mendations will apply. Conse- 
quently, while the standards of 
lighting provided in a private of- 
fice can very well be set by the 
occupant himself, to be applicable 
to all office standards, the experi- 
ments should be based on the 
judgments of a_ representative 
group of office workers. 

Unfortunately, studies of visual 
comfort are laborious and take a 
long time because continual repeti- 
tion of a judgment by the same 
observer and under the same con- 
ditions is necessary in order to as- 
sess the average judgment with 
sufficient precision. Therefore, it 
becomes necessary for the experi- 
menter to rely on the judgment of 
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fewer observers than are ideally 
required, 

The observers were carefully se- 
lected, not necessarily for the nu- 
merical precision of the results 
which they were capable of giving, 
but for their general cooperation. A 
good observer is co-operative, in- 
telligent, quick and keen to ap- 
preciate the points of technique of 
the experiment. He should give of 
his best without in any way need- 
ing to have any knowledge of the 
trend of the results as a reward. 
He should have no preconceived 
theories about the experiment in 
which he is engaged; he should be 
indifferent about the result of the 
experiment, but conscientious. 

At Cornell the observers fall 
within a limited age group (18- 
25). They are all male engineering 
students, and so do not come from 
a fully representative section of 
the population. This choice was 
deliberate, however, because ex- 
perience has shown that technical- 
ly trained people are more co- 
operative in these somewhat 
onerous subjective studies. 


Results of the Experiments 


When the work at Cornell is 
complete, about 10,000 observations 
will have been collected from a to- 
tal of twenty observers. After the 
young engineering students were 
recruited, time was spent giving 
them experience in making judg- 
ments of glare under a limited 
range of conditions before they 
could begin the full scale experi- 
ments. 

Complete sets of observations 
are being made in three parts, first 
in dark surroundings, next in a 
light surrounding of fifty foot-lam- 
berts luminance, and finally in a 
light surrounding of ten foot-lam- 
berts luminance with a full range 
of source size. 

The extensive data which should 
emerge from the full Cornell study 
must be analyzed before any defi- 
nite statement can be made. How- 
ever, the data from the first few ob- 
servations reveal some interesting 
facts. 


Summary of Results 

The chief features of the dark 
surroundings were: 

(1) With a dark surrounding, 
almost the same degree of glare 


discomfort arises no matter what 
the size of the source, up to a 
source size of about one steradian. 
(A window or luminous ceiling of 
200 square feet in area seen 15 
feet away subtends about one 
steradian at the eye.) 

(2) As the source is increased in 
size to full field, the degree of 
glare becomes smaller after full 
adaptation has taken place. 

(3) When the source is very 
large, glare is very sensitive to 
changes of brightness. 

(4) The level of source bright- 
ness which causes “intolerable” 
glare is practically independent of 
source size up to full field — on the 
other hand, the brightness which 
causes threshold glare in a dark 
surrounding is low with small 
sources but higher with full field. 

The main conclusions regarding 
light surroundings are as follows: 

(1) Whereas with the dark sur- 
roundings the size of the source 
had only a small influence on the 
degree of glare, with a light sur- 
rounding, the size of the source 
has a more marked effect. 

(2) The size of the source has 
a greater effect on severe glare 
than on mild glare. 

This project has not progressed 
far enough to derive any definite 
conclusions from the data, but 
there are several indicated rela- 
tionships at this time. Perhaps the 
most interesting indication so far 
obtained is the fact that, with large 
sources, a much smaller change in 
illumination is needed to produce 
a given change in degree of glare 
discomfort. If this finding is con- 
firmed by the full Cornell study, 
it will mean that in setting the 
brightness of, for instance, a lumi- 
nous ceiling, much greater care is 
necessary than in the case of con- 
ventional luminaires. 
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A candle in a dark room? 


Transverse and/or Visible electro- 
magnetic waves? 


A universal constant? 


How many wave lengths in a photon? 
Is light affected by gravity? 


A full appreciation of light and all 
its phenomena is essential to the 
successful completion of our energy 
conversion mission. 


We use this knowledge constantly— 
as, for example, in our recent devel- 
opment of a photo-voltaic conversion 
system and a mechanical-optical 
system to convert light energy to 
electrical energy. 














To aid us in our inquiries we call 
on the talents of General Motors 
Corporation, its Divisions and other 
individuals and organizations. By 
applying this systems engineering 
concept to new research projects 
we increase the effectiveness with 
which we accomplish our mission — 
exploring the needs of advanced 
propulsion and weapons systems. 











Division of General Motors, Indianapolis, Indiana 
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What would V0 U do 
an engineer at 





Development testing of liquid hydrogen-fueled rockets is car- 
ried out in specially built test stands like this at Pratt & 
Whitney Aircraft’s Florida Research and Development Center. 
Every phase of an experimental engine test may be controlled 
by engineers from a remote blockhouse (inset), with closed- 
circuit television providing a means for visual observation. 
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Regardless of your specialty, you would work in a 
favorable engineering atmosphere. 


Back in 1925, when Pratt & Whitney Aircraft was 
designing and developing the first of its family of 
history-making powerplants, an attitude was born—a 
recognition that engineering excellence was the key 
to success. 


That attitude, that recognition of the prime impor- 
tance of technical superiority is still predominant at 
P&WA today. 


The field, of course, is broader now, the challenge 
greater. No longer are the company’s requirements 
confined to graduates with degrees in mechanical 
and aeronautical engineering. Pratt & Whitney Air- 
craft today is concerned with the development of 
all forms of flight propulsion systems for the aero- 
space medium—air breathing, rocket, nuclear and 
other advanced types. Some are entirely new in 
concept. To carry out analytical, design, experimental 
or materials enginecring assignments, men with 
degrees in mechanical, aeronautical, electrical, chem- 
ical and nuclear engineering are needed, along 
with those holding degrees in physics, chemistry 
and metallurgy. 


Specifically, what would you do?—your own engi- 
neering talent provides the best answer. And Pratt 
& Whitney Aircraft provides the atmosphere in which 
that talent can flourish. 


For further information regarding an engineering 
career at Pratt & Whitney Aircraft, consult your col- 
lege placement officer or write to Mr. R. P. Azinger, 
Engineering Department, Pratt & Whitney Aircraft, 
East Hartford 8, Connecticut. 


iPratt & Whitney Aircraft? 


At P&WA's Connecticut Aircraft Nuclear Engine Lab- 
oratory (CANEL) many technical talents are focused 
on the development of nuclear propulsion systems for 
future air and space vehicles. With this live mock-up 
of a reactor, nuclear scientists and engineers can 
determine critical mass, material reactivity coefficients, 
control effectiveness and other reactor parameters. 


Representative of electronic aids functioning for P&WA 
engineers is this on-site data recording center which 
can provide automatically recorded and computed 
data simultaneously with the testing of an engine. This 
equipment is capable of recording 1,200 different 
values per second. 


Studies of solar energy collection and liquid and vapor 
power cycles typify P&WA's research in advanced 
space auxiliary power systems. Analytical and Experi- 
mental Engineers work together in such programs to 
establish and test basic concepts. 


PRATT & WHITNEY AIRCRAFT 
Division of United Aircraft Corporation 
CONNECTICUT OPERATIONS — East Hartford 
FLORIDA RESEARCH AND DEVELOPMENT CENTER — Palm Beach County, Florida 
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Faculty Profile... 


Dr. Mark Kac, Professor of 
Mathematics, and a member of 
the departme nt of engineering 
physics, is leaving Cornell at the 
end of the present academic year. 
Professor Kac, who has been here 
twenty-one years, will teach and 
do research at Rockefeller Insti- 
tute in New York City. 

Professor Kac was born in Lwow, 
Poland. He grew up there and 
attended Lycee Kizemieniec, a 
secondary school in his home 
town, This background was rough- 
ly equal to two years of college in 
the United States; secondary 
schools in Europe are a good deal 
more rigorous and thorough than 
American high schools. He received 
his Ph.D. from John Casimir in 
1937, and was awarded a fellow- 
ship to teach at Johns Hopkins 
University during the year 1938- 
1939. 

After teaching for a year at Johns 
Hopkins, Professor Kac came to 
Cornell. In keeping with the policy 
of the mathematics department, he 
has taught “everything under the 
sun.” His first classes included two 
sections of trigonometry and two 
of algebra, but during his second 
term he taught graduate courses. 
Since then, Professor Kac has 
taught a wide range of subjects; 
his courses this fall deal with high- 
er calculus. 

Next year Professor Kac will be 
teaching at Rockefeller Institute, a 
position which his friends jokingly 
refer to as “retirement.” The In- 
stitute, which was formerly an or- 
ganization interested solely in re- 
search, now offers post-graduate 
degrees. Aside from his teaching 
duties, Professor Kac will be able 
to spend a good deal of time at 
research. He has been interested 
for quite a while in probability and 
its obligations to physics. 

Professor Kac calls himself “il- 
literate” in five languages: Russian, 
French, German, English, and Po- 
lish. “I taught in Poland three 
weeks last year, and I was sur- 
prised how much of the language 
I had forgotten,” he commented. 

Professor Kac has also lectured 
at Paris, Lusanne, Amsterdam, Ox- 
ford, and Cambridge, in addition 
to many cities in the United States. 
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PROFESSOR MARK KAC 


Last month he spoke at a symposi- 
um at Purdue University. 

Like nearly all professional edu- 
cators, Professor Kac has many 
definite ideas about the workings of 
his profession. He believes that the 
mathematics department's system 
of evaluation, prelims and _ finals 
only, is the best possible, consider- 
ing the large classes in all courses. 
He added that because of the great 
number of students taking calculus 
in the fall term, the course will be 
taught in spring term by lectures 
twice weekly, with only one reci- 
tation period, Professor Kac thinks 
that the old English tutorial sys- 


Professor Mark Kac 

tem was the most beneficial to stu- 
dents. Under this system, one 
teacher would practically live with 
two or three students and impart 
to them what he had learned him- 
self. This system is obviously im- 
possible today because of the large 
number of people desiring educa- 
tion. As a result, both in Europe 
and America, the university stu- 
dent must be on his own to some 
degree. Professor Kac believes that 
this is advantageous if the student 
is mature, but nearly all freshmen 
and sophomores are not really ma- 
ture enough. 

“American high schools,” Pro- 
fessor Kac says, “are friendly and 
pleasant— which they should be— 
but they do not develop intellec- 
tual discipline in students.” High 
schools are deficient for several 
reasons; the trend of mediocrity— 
teaching everybody the same thing 


by Robert Sanderson, ME °65 


because not to do so would be 
undemocratic; outside pressures ex- 
erted on elected school boards by 
unhappy taxpayers, civic organi- 
zations, and alumni, whose main 
concern is the basketball team, and 
other such groups; and finally in- 
adequately trained, overloaded, 
and underpaid teachers. Professor 
Kac believes that high schools 
should not teach college level 
courses; rather they should teach 
the standard curricula as 
thoroughly as possible. This 
thoroughness will come about only 
with teachers who are prope rly 
qualified, not in education courses, 
but in their subject. “In many high 
schools, trigonometry is taught by 
a person who has had no further 
mathematics. How can this person 
emphasize the parts of the course 
that would be important in further 
study if he does not know what 
comes next?” argues Professor Kac. 

He states that students in col- 
lege are properly taught, but that 
too much time is spent correcting 
deficiencies “eat in high school. 

Professor Kac is a firm believer 
in federal aid to education. He sees 
two main sources for college en- 
dowment funds in the future: large 
gifts, which are favored by the in- 
come tax laws, and federal aid. He 
said that 90 per cent of the scien- 
tific research carried on by uni- 
versities is supported by the federal 
government through agencies such 
as the National Science Foundation. 
Also, the federal government indi- 
rectly subsidizes faculty salaries by 
sponsoring research conferences 
during the summer, If it didn’t, he 
argues, many of the best people 
would be lost. He strongly believes 
that there need be no fear of fed- 
eral control of curricula, The un- 
dertaking would be too over- 
whelming a task, and faculties 
would never allow it. Professor Kac 
believes a student loan is the best 
way to aid students. A loan fund 
would be self-perpetuating, and 
the student would gain an_ in- 
creased sense of responsibility. 

Professor Kac, whose hobbies in- 
clude golf, bridge, and a musical 
instrument, the recorder, now lives 
in Collegetown with his wife and 
two children. 
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What’s it take to make the right connection? 


trate heavily on developing manufacturing methods for this 
ECO equipment. 


Plenty! Consider the problem. Western Electric manufac- 
tures the switching svstems which connect some 60-million 
Bell telephones throughout the U. S. The average call over 
today’s electromechanical system requires 420 relay opera- 
tions. All together, this interconnecting equipment makes 
up the heart of what is, in effect, the world’s largest machine 

That's where Western Electric and you come in. The 
switching equipment for this “machine” involves an enor- 
mous manufacturing job carried on by our plants throughout 
the country. Because of the size and service requirements 
involved, we require quality standards far exceeding those 
of ordinary manufacturing. The size of this job presents an 
unusual challenge to the engineer who may save the Bell 
System many thousands of dollars by even a small cost- 
reduction step 

While today’s switching calls for a priority on engineer- 
ing, tomorrow's will be even more exciting. For even now 
the revolutionary Electronic Central Office is under field 
trial and promises to remake the world of telephony. Future 
Western Electric engineers, working closely with their 
counterparts at Bell Telephone Laboratories, will concen- 


Principal manufacturing locations at Chicago 
Wass. Omaha, Neb; Kansas City, M 
Little Rock. Ark. Also 


Columbus, Ohio; Oklahoma City, Okla 
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Your Western Electric assignments may cover many of 
our other responsibilities as the world’s leading communica- 
tions manufacturer. Perhaps you'll work on advances in 
microwave transmission, or even on satellite communications. 

Joining Western Electric may well be your right 
connection. 


Opportunities exist for electrical, mechanical, industrial, civil and 
chemical engineers, as well as physical science, liberal arts, and 
business mojors. For more information, get your copy of ‘Western 
Electric and Your Career’ from your Placement Officer. Or write 
College Relations, Room 6105, Western Electric Company, 195 Broad- 
way, New York 7, N. Y. And be sure to arrange for a Western Electric 
interview when the Bell System recruiting team visits your campus. 


RE 
[western _E jectric] 








Kearny, N. J.; Baltimore, Md.; Indianapolis, ind.; Allentown and Laureldale, Pa.; Winston-Salem. N. C.; Buffalo, N. Y.; North Andover, 
Engineering Research Center, Princeton, N. J. Teletype Corporation, Skokie, -Ill., and 
Western Electric distribution centers in 33 cities and installation headquarters in 16 cities. General headquarters: 195 Broadway, New York 7, WN. ¥ 
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Air Force TITAN breoks for the sky of 
Cape Conoveral. TITAN, with ao range 
of 5500 miles, travels at 15,000 mph. 
U. S. Air Force Photo 

Nuclear powered USS GEORGE WASH- 
INGTON, POLARIS missile launching 
submorine, on test cruise in Long Island 
Sound. General Dynamics Corp. Photo 
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From National: 
Materials For Mightier Defense 


Products vital to our national security are among the growing 
number of chemicals and special metals manufactured by 
National Distillers and Chemical Corporation, its subsidiaries 


or affiliates. These include: 


DIMAZINE® storable liquid rocket 
fuel. This will enable Titan II 
intercontinental ballistic missiles 
—and others—to be fully fueled 
and ready for instant firing from 
hidden underground pads. A joint 
venture of National and Food 
Machinery and Chemical Corpo- 
ration has been awarded contracts 
exceeding $20,000,000 for Dima- 
zine by the Air Force. 


ZIRCONIUM, a special metal made 
by 60%-owned Reactive Metals 
Inc., is essential in fuel element 
components for nuclear subma- 
rines. 

TITANIUM, another Reactive Me- 
tals’ product, is finding increasing 
use in missile and rocket compo- 


nents calling for light weight com- 
bined with high strength and heat 
resistance. 


PETROTHENE® polyethylene is used 
to make nuclear radiation shields 
for atomic powered vessels. These 
are lighter in weight than those 
made of ordinary materials, yet 
provide complete protection from 
nuclear bombardment. 


A Career at National .. . National 
Distillers is expanding rapidly in 
chemicals, plastics and special 
metals, producing materials for 
defense and growing peace-time 
markets. Chemists and engineers 
seeking an unlimited future are in- 
vited to contact our Professional 
Employment Mgr., 99 Park Ave. 


@|@ 


NATIONAL DISTILLERS and CHEMICAL CORPORATION 


NEW YORK 16, N. Y. 
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Manned space missions of extended flight 
duration must have a large, continuous, long last- 


ing and reliable source of electrical power. Only 
a nuclear reactor heat source is compatible with 
these requirements to provide power for propul- 
sion and to operate all equipment aboard the 
spacecraft. Advanced nuclear energy conversion 
systems are now being developed by Garrett's 
AiResearch divisions to meet these new power 
requirements. 

Besides nuclear and solar power systems for 
space applications, other project areas at Garrett 
include: electronic systems, such as flight data com- 
puters and solid state transistorized conversion 
systems for high speed generators; and complete 


OUT OF THE LABORATORY 


environmental systems for advanced flight vehicles. 

This diversification of project areas enables 
the engineer at Garrett to specialize or diversify 
according to his interest, not only making work 
more interesting but increasing the opportunities 
for responsibility and advancement. 

An orientation program lasting a number of 
months is available for the newly graduated engi- 
neer, working on assignments with highly experi- 
enced engineers in laboratory, preliminary design 
and development projects. In this way his most 
profitable areas of interest can be found. 

For further information about a career with The 
Garrett Corporation, write to Mr. G. D. Bradley 
in Los Angeles. 


CORPORATION 
AiResearch Manufacturing Divisions 


AIR EBEARCH INDUSTRIAL © GARRETT MANUFACTURING LIMITED © MARWEDEL © GARRETT INTERNATIONAL S.A. 
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THE PRESIDENT’S LETTER— 


We had another lively and interesting meeting of 
the Executive Committee at the Engineers’ Club on 
January 17. Walt Hickey, Regional Vice President 
from Boston was with us, as was Walt Hardy from 
Chicago and Assistant Dean, John McManus from 
Ithaca. 

The most significant action taken was approval of 
a proposal of Walt Hardy that the Society sponsor a 
series of lectures at the College of Engineering at 
Ithaca. These lectures would be designed to supple- 
ment the engineering curricula, with emphasis on 
fields not covered in the curricula. Walt Hardy was 
appointed Chairman of a committee to explore this 
proposal with the Dean’s office to work out the prac- 
tical problems involved. It is hoped that a start could 
be made on this project next Fall. 

Another item that developed considerable discus- 
sion was the matter of the mortality rates of the 
freshman class in the engineering schools. John Mc- 
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Manus outlined the various facets of the problem and 
the steps that the college was taking to improve the 
situation. This is a matter that is of concern to all 
members of the Society, both from the standpoint of 
its effect on our secondary school activities and on the 
general reputation of the college itself. 

A dinner meeting was held in New York on the 
night of February 1 in conjunction with the Annual 
Meeting of the A.LE.E. Our speaker was Harold S. 
Black, an outstanding inventor from the Bell Tele- 


phone Laboratories. His topic was Global Communi- 
cations Via Artificial Earth Satellites, and was one 


of great current interest. His presentation raised 


many provocative questions. 

Our next dinner meeting in New York will be the 
Annual Meeting scheduled for May 4, 1961 at the 
Engineers’ Club, at which Dean Corson will be the 
speaker. 

Paut O, GuNSALUS 
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Dr. MacCarter Adams 


Dr. MacCarter Adams, B.S.M.E. 
46, M.Aero.E. 49, has been named 
one of the Ten Outstanding Young 
Men of 1960 by the United States 


Junior Chamber of Commerce for 
his work on intercontinental mis- 
siles. 

Dr. Adams’ first contribution to 
aerodynamic theory came while he 


was still doing graduate study at 
Cornell. Five years ago he helped 
to organize a research laboratory 
for the purpose of solving the in- 
tercontinental ballistic missile re- 
entry problem. As technical direc- 
tor of AVCO research laboratory, 
Dr. Adams was concerned with 
how to get a nose cone back 
through the earth's atmosphere 
without its being burned to em- 
bers. His research on re-entry heat 
protection has contributed signifi- 
cantly to the achievement of ad- 
vanced re-entry vehicles, possess- 
ing “ablating” nose cones, being 
launched from Cape Canaveral to 
day. A missile designed according 
to Dr. Adams’ principles was used 
in the first completely successful 
intercontinental re-entry test of an 
ablating nose cone, in April, 1959. 

In addition to his work at 
AVCO. Dr, Adams is a member of 
the advisory committee on missiles 
and space vehicles of the National 
Aeronautics and Space Adminis- 
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tration, and has written many au- 
thoritative articles which have ap- 
peared in more than twenty scien- 
tific publications. 


Harold M. Jones, M.S. ’47 in Ag- 
ricultural Engineering, an Ameri- 
can technician on assignment with 
the U. S. International Coopera- 
tive Administration in India, has 
played a large part in developing 
a threshing machine which is sim- 
ple, inexpensive, easy to operate, 
and of great potential benefit to 
Indian farmers. Mr. Jones and an- 
other ICA agricultural engineer 
prepared an initial set of blueprints 
for such a machine, after which a 
prototype model was put together 
with readily available materials. 
The machine has a capacity of 
about 460 pounds per hour and 
operates on a two-and-a-half to 
three horsepower engine, a type 
readily available, since the en- 
gines are used by many Indian 


—— 


farmers for irrigation purposes. 
Several Indian manufacturers have 
become interested in the machine 
and have built their own proto- 
types prior to production. 


John N. Beckley, C.E. '35, Vice- 
president and Eastern District 
Manager of the Austin Co. since 
1955, has been named manager of 
international operations of this en- 
gineering and construction firm, 
with responsibility for all its ac- 
tivities outside North America, in- 
cluding active projects in England, 
France, Belgium, Brazil and Ar- 
gentina, 


William L. Everitt, M.E. ’21, is 
the new dean of engineering at 
University of Illinois. He was also 
chosen one of sixty of the country’s 
leading scientists, engineers, indus- 
trialists, and educators to serve on 
the Army scientific advisory panel 


a? 


New Delhi, India— Harold M. Jones, right, American technician on an assignment 
in India with the U.S, International Cooperation Administration demonstrates how 
sheaves of wheat are fed into the threshing machine. 
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which assists the Secretary of the 
Army and the chiefs of staff in pro- 
viding a ground fighting force 
which is effective, economical, and 
progressive, so far as_ scientific, 
technological, and industrial _re- 
sources permit. Mr. Everitt was ap- 
pointed to the panel in April 1959, 
and this last October attended the 
annual fall meeting at The Armor 
Center, Fort Knox, Kentucky. 


Dr. William E. Parkins, Ph.D. 42, 
formerly director of the organic 
reactors department for Atomics 
International, a division of North 
American Aviation, Inc., was 
named associate technical director 
of the division in December by Dr. 
Sidney Siegel, vice president. 

Dr. Parkins will share the re- 
sponsibility for direction of Atom- 
ics International's development 
programs, particularly in the fields 
of advanced nuclear reactor sys- 
tems and new technologies. 

Dr. Parkins joined North Amer- 
ican in 1948. He was chief of en- 
gineering for Atomics Internation- 
al until March, 1959. 

A native of Bozeman, Montana, 


he received a B.S. degree in elec- 


trical engineering from Montana 
State College in 1937. He was a 
McMullen Research Scholar at 
Cornell University where he re- 
ceived a doctorate in physics in 
1942. 

From 1942 to 1946 Dr. Parkins 
was associated with the Manhat- 
tan District Project at the Univer- 
sity of California Radiation Lab- 
oratory, Berkeley, Calif., and at 
Oak Ridge, Tenn. In 1946 he be- 
came an assistant professor in the 
physics department of the Uni- 
versity of Southern California. 

Dr. Parkins is a director of the 
American Nuclear Society and a 
Fellow of the American Physical 
Society. He also is associated with 
the American Association for the 
Advancement of Science, and with 
Phi Eta Sigma, Phi Kappa Phi, 
Sigma Xi and Tau Beta Pi, na- 
tional honorary societies. 


Allen S. Ginsburgh, B.M.E. °46, 
a veteran staff member of the Po- 
laris project at Aerojet General 
Corporation, has been appointed 
manager of the firm’s materials and 
fabrication division for the solid 
rocket plant at Sacramento, An 


Aerojet employee for nine years, 
Mr. Ginsburgh has been in the Po- 
laris program for the last three 
and a half years. He helped de- 
velop the Polaris material and fab- 
rication program for the solid 
rocket plant and more recentl 
served as chief staff engineer, with 
responsibility for direction of the 
Polaris reliability and administra- 
tion departments. After receiving 
his B.M.E. degree from Cornell in 
1946, Mr. Ginsburgh got the M.S. 
degree at Harvard in 1950, He was 
later assigned by Aerojet to the 
Oak Ridge School of Reaction 
Technology. After graduating from 
the School, he took an active part 
in Project Rover, acting as liaison 
for Aerojet with the Livermore 
Laboratory of the University of 
California, Mr. Ginsburgh has also 
worked with an electronic en- 
gineering firm and with United 
Aircraft’s research division in Con- 
necticut. 


Charles M. Huck, '54, consultant 
in industrial design, has just opened 
a new office in New Brunswick, 
New Jersey, in addition to the pres- 
ent office in New York City. 
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<FRICKS REFRIGERATING 
ENGINEERS 


Have more than doubled the capacity of 
synthetic rubber reactors with an improved 
and patented cooling system—one mr a 
Frick developments of vital interest to de- 
fense, to industry, and to business. 

When you take the Frick Graduate Training 
Course you enter a growth program, with ex- 
cellent pay and exceptional opportunities. 


Get full details today from your College 


FRICK COMPANY 
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Waynesboro, Pennsylvania 
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PhD, MS, BS in EE 
PhD, MS in Physics and Mathematics 


—would you rather blaze trails in electronic 


communications theory or consolidate 
territory newly won? 


.» where a group of outstanding scientists 
and engineers are conducting both theoretical 
and applied studies in many aspects of the 
science of communications 


While our broad concern at Stromberg-Carison is in the acqui- 
sition, transmission, processing, storage and display of com- 
munications data, ancilliary investigations — often seemingly 
remote —are carried on to enhance our basic understanding 
of the communications field. 


TO THE ADVANCED DEGREE CANDIDATE this fre- 
quently offers the opportunity, upon completion of his studies, 
to continue theoretical investigations initiated in thesis 
preparation. 


TO THE MAN WHO HAS RECENTLY RECEIVED HIS 
BS, it provides varied career choices: to work directly with 
experts on research projects; to participate in advanced devel- 
opment engineering concerned with the solution of complex 
systems engineering and equipment problems; to undertake 
the design of specific hardware which may involve the first 
practical utilization of new knowledge. 


AT ALL LEVELS, the opportunities for professional growth 
are exceptional, not only through concentration on work in 
advanced areas but through continual contact with able men 
trained in other disciplines. Informal consultation between 
engineers, physicists, mathematicians, psychologists and lin- 
guists is available on a day to day basis. Further, with scien- 
tists it is the aim of Stromberg-Carlson's technically-trained 
management to maintain the atmosphere of the academic 
world, encouraging discussion, publication of papers and par- 
ticipation in technical symposia. 


YOU CAN AIM YOUR CAREER IN E/7HER DIRECTION 
AT STROMBERG-CARISON 


Division of General Dynamics 


The list below indicates 
the range of work currently 
in progress. 


FIELDS OF RESEARCH ENDEAVOR 


Paramagnetic Resonance 
Thin Photoconductor Films 
Ferroelectricity 

Propagation and Coding 
Speech Analysis 

Bandwidth Compression 
Hydro-Acoustic Transducers 
Molecular Electronics 
Defect Solid State Physics 
Parametric Devices 

Tunnel Diode Logic 

Scatter Propagation Analysis 
Plasma Physics 


ADVANCED DEVELOPMENT & ENGINEERING 


ICBM Communications 

Electronic Switching 

Nuclear Instrumentation 
High-Speed Digital Data Communications 
Electronics Reconnaissance Systems 
Single Sideband Communications 
Synchronous Data Transmission 
ASW Techniques 

Machine Tool Automation 

Radio Data Links 

High Intensity Sound Generators 

Air Acoustics 

Shaped Beam Display Systems 


High-Speed Automatic Missile Check-Out Equipment 


Super-Speed Read-Out and Printing Equipment 
Electro Acoustics & Transducers 

Logic Systems 

Sound Systems 

RF Equipment 

Precision Hi-Fi Components 


For further information write to the College Relations Section, 
Engineering Personnel Department. 


STROMBERG -CARLSON 
a oivision ofr GENERAL DYNAMICS 


1450 North Goodman St., Rochester 3, New York 
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HOW TO DESIGN A TRADEMARK 


Why, it’s easy as A-B-C. Just start with a simple shape, 
one that’s readily identified and easily remembered. 
(The Jenkins Diamond is a good example.) Then just fill 
in the blank spaces. That’s all there is to it, and almost 
anyone can do it! 


HOW TO MAKE IT 


Ah, that isn’t so easy nor so simple. 


A trademark is like a man’s signature: it can mean much 
or it can mean little. 


Time and performance make the difference. 


Take the Jenkins Bros. trademark. There’s nothing tricky 
about the design, certainly nothing fancy about the words. 


Yet buyers and specifiers of valves everywhere 
know and respect this simple device, this mark. 


Why? Because in all the years since 1864 there has been 
no compromise in the quality of Jenkins Valves. We know 
it; you know it. 


And that is the only way we know to make a trademark 
meaningful. That will always be the Jenkins way of 
making valves. 


ponhins Biroy 


JENKINS BROS.. 100 PARK AVENUE, NEW YORK 17 
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COLLEGE NEWS 


Edited by Joel Lichtenstein, EE 64 





PROFESSOR BOOKER DESCRIBES 
MAGNETOSPHERIC WAVEGUIDES 


A new method of radio commu- 
nication between the northern and 
southern hemispheres—a method 
which could also be used to gain 
detailed information about outer 
space—is being explored by a Uni- 
versity scientist. 

Prof, Henry Booker, Director of 
the School of Electrical Engineer- 
ing and Associate Director of the 
Center for Radiophysics and 
Space Research at the University, 
recently described this new 
method in Boulder, Colorado at 
scientific meetings sponsored 
jointly by the United States Na- 
tional Committee of the Interna- 
tional Scientific Radio Union and 
the Institute of Radio Engineers. 

It is possible for magnetospheric 
waveguides to guide high fre- 
quency waves between the north- 
ern and southern hemispheres 
over paths that pass thousands of 
miles into outer space, according 
to Professor Booker. 

Prof. Thomas Gold, chairman of 
the Astronomy Department and 
director of the Space Center at 
Cornell, said that the earth's mag- 
netic field controls the motions of 
the extreme outer atmosphere so 
as to filament the plasma into mil- 
lions of magneto-ionic ducts. 
These waveguides extend from the 
ionosphere in the northern hemi- 
sphere via the part of outer space 
known as the magnetosphere. 

For the past year and a half 
Professor Booker has been investi- 
gating the possibility of using 
magnetospheric ducts as an agent 
in guiding high frequency radio 
waves between the two hemi- 
spheres. This investigation has 
been supported by a grant from 
the Atmospheric Sciences Division 
of the National Science Founda- 
tion. 

Professor Booker studied the 
size and strength of the magneto- 
spheric waveguides and _ their 
method of operation, using meth- 
ods of analysis similar to those 
employed for studying the wave- 
guides used in microwave-engi- 
neering. He was able to establish 
that these magnetospheric wave- 
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guides are capable of guiding high 
frequency waves between the 
northern and southern hemi- 
spheres over channels that reach 
thousands of miles into space. Al- 
though such ducts may well be 
more than 10,000 miles in length, 
radio waves leave them with prac- 
tically the same strength as they 
enter. 

Exploitation of these radio ducts 
at high frequency wavelengths 
will permit scientific investigations 
of outer space from the surface 
of the earth and from satellites, 
in a detailed manner hitherto un- 
available to scientists, according 
to Professor Booker. 

Ducts originating in polar re- 
gions run phenomenal distances 
into outer space, says Professor 
Booker, who adds that it is impos- 
sible to predict what may be dis- 
covered by systematically listen- 
ing and probing along these natu- 
rally available channels into space. 


CORNELL ARCHITECTS PLAN 
RESORT IN BAHAMAS 

Despite the wintry weather on 
campus, a few students are enjoy- 
ing, at least in their imaginations, 
the warm, sunny climate of the 
Bahamas. 

They are busy with maps, charts 


and aerial photographs, designing 
a major industrial and resort cen- 
ter for Freeport, on Grand Ba- 
hama Island—some 60 miles east 
of Palm Beach, Florida. 

Students of Professor Frederick 
W. Edmondson, they are enrolled 
in City Planning Design, a gradu- 
ate course in the department of city 
and regional planning of Cornell 
University’s College of Architec- 
ture. 

A special 99-year lease between 
the Government of the Bahamas, 
a British colony, and the Grand 
Bahama Port Authority, gives the 
development rights of some 130,- 
000 acres to the Port Authority. A 
deep-water harbor has _ been 
dredged, and the Port Authority 
plans an attractive community for 
industry, tourism, and permanent 
residence. 

The Authority asked Professor 
Edmondson whether his _ class 
would be interested in designing 
such a community, and the Cor- 
nell professor visited the island 
last winter to make preliminary in- 
vestigations and to consult with 
the Port Authority before deciding 
to undertake the project. 

The project is purely an educa- 
tional exercise for the students, 
and there is little chance that any 
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Diagram shows the Magnetosphere which can be used for communication between 
hemispheres. 
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of their plans will be carried out, 
Professor Edmondson comments. 
Nevertheless, the final plans will 
be presented to the Authority, and 
the professional planners who 
eventually develop the island will 
doubtless consider the students’ 
ideas in their own plans, 

Similar projects undertaken as 
academic exercises by the class in 
other vears have proved of value 
to the students and to professional 
people. They have included plans 
for Waikiki Beach; Brazilia, the 
new capital of Brazil; a city in 
Colorado to serve as the center of 
a future oil shale industry; and an 
industrial city designed for protec- 
tion against nuclear attack. 

The general plan for develop- 
ing the island calls for a balanced 
community with an emphasis up- 
on tourism, but with facilities for 
port-oriented industries, agricul- 
ture, and permanent residential 
areas as well. Eventually it is ex- 
pected that between 100,000 and 
200,000 persons will make their 
homes in Freeport. 

In their development plans, the 
students will give special attention 
to the problems of retired persons, 


who can find in Freeport an ideal 
and healthful climate in which to 
retire. Several technical problems 
are being considered by the stu- 
dents: the problem of finding 
fresh water; communications prob- 
lems; and the difficulties of pre- 
serving the natural beauty of the 
island. Although no water short- 
age is foreseen, methods of con- 
verting salt and brackish water in- 
to fresh water will be considered 
by the students. Research into 
transportation and communica- 
tions will also play a_ significant 
role in the planning. Because of 
the importance of attracting tour- 
ists to the island, the students will 
consider hotels, beaches and other 
accommodations for visitors. 

Professor Edmondson directs 
the project with the assistance of 
Bruce Hyland, a graduate assist- 
ant. Participating are sixteen plan- 
ning students, including several 
foreign students, whose under- 
graduate backgrounds are in ar- 
chitecture, engineering, language, 
sociology, government, economics, 
and geography. Thus, each stu- 
dent contributes knowledge of his 
own field to the planning. 


The class is divided into two 
groups which compete against 
each other in presenting plans for 
the island, All assignments and re- 
search are taken care of by the 
students themselves, with the pro- 
fessor serving as advisor. Eventu- 
ally the best of both plans will be 
incorporated into the final pres- 
entation, drawings and model to 
be prepared by the students. 

The methods being used are 
similar to those of a functioning 
professional planning group, and 
provide experience on how such 
groups operate. Whenever possi- 
ble, experts from outside are con- 
sulted: Reeshon Feuer, associate 
professor of agronomy at Cornell 
and world-famed in his field, and 
Ta Liang, air photograph interpre- 
tation expert and transportation 
engineer, have contributed advice. 
The greatest material advice, how- 
ever, has come from the adminis- 
trative and technical staffs of the 
Grand Bahama Port Authority, 
Professor Edmondson says. 

The final publication and model 
will be presented to the Port Au- 
thority officials either in New York 
City or at Cornell in March 1962. 
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CRESCENT TYPE SH-D 5000 VOLT 
TRAILING CABLE 


For supplying power to electric shovels, dredges, etc. 
Shielded to assure protection to personnel and equipment. 


CRESCENT Wires and Cables are produced with modern equipment to the most exact- 
ing specifications. Every foot is subjected to searching electrical tests during manu- 
facture and in the finished form. 
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AT RAYTHEON... 


Scientific imagination focuses on... 


RADAR ... INFRARED . .. MISSILE SYSTEMS 


. - COMMUNICATIONS & DATA PROCESSING 
. »» MICROWAVE ELECTRONICS .. . SOLID STATE 
..» SONAR... ELECTRON TUBE TECHNOLOGY 


Positions designed to challenge your scientific 
imagination are offered by Raytheon Company to 
exceptional graduates (Bachelor or advanced degree) 
in EE, ME, physics or mathematics. These assignments 
include research, systems, development, design and 
<= production of a wide variety of products for 
commercial and military markets. 
Facilities are located in New England, 
California and the South. 


For further information, visit your 

placement director, obtain a copy of 

~~. “Raytheon . . . and your Professional 

=~ Future”, and arrange for an on-campus 
interview. Or you may write directly to 

Mr. J. B. Whitla, Manager-College Relations, 
1360 Soldiers Field Road, Brighton 36, Mass. 
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Could this be a picture of you tomorrow? In 
the fall of 1958, it was Jack Carroll, principal 
speaker at the opening of Electronic Associ- 
ates’ modern new plant in Long Branch, N. J. 


Jack Carroll (right) discusses the new equip- 
ment he has just seen during a visit with 
Henri Busignies, President of ITT Laborato- 
ries (center) and Anthony Pregliese, ITT Pub- 
lic Relations. 
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An Editor of a Top Engineering Publication ? 


JACK CARROLL, MANAGING EDITOR OF ELECTRONICS MAGAZINE, 
ROSE TO A TOP POST IN LESS THAN TEN YEARS 


Are Jack Carroll's shoes your size? 


“Tf it’s scope you want, try keeping on top of every- 
thing that’s hot in electronics,” says John M. Carroll, 
ELECTRONICS’ Managing Editor at McGraw-Hill Pub- 
lishing Company. 

A Lehigh B.S. graduate in 1950, Jack has become 
an industry authority in less than 10 years. “Knowing 
that the industry itself is looking to your magazine 
for the word on things is the most stimulating part 
about it. It’s your job to get the thinking of the men 
behind everything that’s new in the field. You work 
with the top of the profession. What engineer can 
resist that?” 

Wrote in College 
In his senior year at Lehigh, Jack got his first real 
taste of writing as editor of the college newspaper. He 
joined McGraw-Hill as editorial assistant on ELEC- 
TRONICS in 1950, took a 17-month “leave” in Korea, 
then became assistant editor in 1952 and associate 
editor in 54. 

“By then I’d got my M.A. in physics at Hofstra on 
the McGraw-Hill Tuition Refund Plan, where the 
company pays half the cost. And since I was pro- 
moted to managing editor in 1957, I’ve been working 
after hours on my doctorate in engineering science at 
N.Y.U. This is an engineer’s outfit. You grow right 
along with your industry at McGraw-Hill,” says Jack. 


“The engineer who chooses a McGraw-Hill career 
need have no fear of winding up in a corner on one 
part of one project. You work with the new. . . the 
experimental . . . the significant. Sitting down with 
the leaders of your field is part of the job. Your as- 
signment? Interpreting today’s advanced thinking for 
the rest of your field.” 


McGraw-Hill Tuition Refund Plan 


All of our editors have the opportunity to continue 
their education in their chosen fields under the 
McGraw-Hill Tuition Refund Plan. Physics, econom- 
ics, aerodynamics, and business management are typi- 
cal of the courses they may choose. 


You May Be The Right Man 


How about writing experience? It helps, but if you 
like to write—and engineering is your profession— 
that’s the main thing. To learn about the oppor- 
tunities in your field, get a copy of “Careers in 
Publishing at McGraw-Hill” Write: Career Plan- 
ning Center, McGraw-Hill Publishing Co., 330 
West 42nd Street, New York 36, New York. 

Or, better yet, see your Placement Office about 
a personal interview. A McGraw-Hill Placement 
Specialist will visit Cornell on March 21st. 





_ McGraw-Hill 


— PUBLICATION 8 


McGRAW-HILL PUBLISHING COMPANY, INC., 330 WEST 42nd STREET,NEW YORK 36, N.Y. 
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TECHNIBRIEFS 


Edited by Richard Epstein, EE '63 





LARGE MAN-MADE 
DIAMONDS PRODUCED 


“For the first time in history, 
man has made large diamonds,” ac- 
cording to Dr. Guy Suits, General 
Electric vice president and direc- 
tor of research. The large diamonds 
are over a carat in size, dark in 
color, and, because of structural 
imperfections, are not yet of suf- 


there demonstrate how fortunate 
it is that industry can turn to man- 
made diamonds for many of its 
needs. 

“We have enjoyed steady ad- 
vances in our diamond-making pro- 
gram,” Suits revealed. The first 
diamonds were dark in color, and 
only thousandths of a carat in size 
—about the size of fine grains of 


ONE INCH 


A group of carat-sized diamonds made by scientists of the General Electric Re- 
search Laboratory seen against a one inch scale. These large diamonds are dark 
in color and are not yet of sufficient mechanical strength for industrial application. 
They are the latest advance in GE’s diamond-making research program. 


ficient mechanical strength for in- 
dustrial application. 

Large diamond work is still in 
the early development stage. “It 
is impossible to predict when we 
will succeed in making large dia- 
monds with mechanical properties 
comparable to our smal] diamonds, 
which have proved to be superior 
to natural diamonds for many in- 
dustrial applications,” Suits said. 
He observed that man-made indus- 
trial diamonds are of the utmost 
strategic importance today. The 
major source of natural diamonds 
is the Congo; uncertain conditions 
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Photo Science 


sand, This size is needed for many 
cutting, grinding, and polishing ap- 
plications in industry. The transi- 
tion from laboratory to full-sacle 
production of these small dia- 
monds was made in two years. 

In response to industrial needs 
for larger diamonds, General Elec- 
tric has succeeded in increasing 
its control over the size, mechani- 
cal quality, and shapes of its dia- 
monds, according to Suits. He an- 
nounced for the first time that 
“General Electric can now make, 
in the laboratory, diamonds up to 
1/10 of a carat in size that are of 


excellent industrial quality.” Stones 
of this size are needed for metal- 
bonded diamonds wheels and saws. 
“However, these 1/10 of a carat 
diamonds are not yet available 
commercially,” Suits pointed out. 


GLASS PIPING USED FOR 
SHOCK WAVE TESTS 


Head-on collision of two shock 
waves traveling eighty times faster 
than sound has been achieved in a 
hydromagnetic tube made of glass. 
Boeing Airplane Company scien- 
tists developed this unusual use 
for glass piping in a study of high 
temperature gases. The tests are 
being conducted at the Boeing 
Scientific Research Laboratories, 
Seattle, Washington. 

The glass tube, manufactured 
by Corning Glass Works, is 12 feet 
long and 6 inches in diameter. Boe- 
ing scientists believe it is the 
largest tube ever used in an ex- 
periment of this kind, Because the 
tube is transparent, still photo- 
graphs can be taken of the colliding 
shock waves. At impact, the Pyrex 
piping is brightly illuminated. 
The naked eye catches only a brief 
flash, the camera, with shutter left 
open in a darkened room, records 
the collision, The flash is accom- 
panied by a loud report similar 
to an exploding firecracker. 

The shock waves are driven 
through the glass piping by a 
surge of electrical power equal to 
the output of four Grand Coulee 
Dams. The electrical energy used 
to create the waves is stored in 
two 20-capacitor banks rated at 
20,000 volts with a combined peak 
power of between 2,500,000 and 
5,000,000 kilowatts. 

Once triggered, the shocks last 
only a few microseconds, but 
create a gas temperature within 
the tube of approximately one mil- 
lion degrees. 

Boeing said the thermal as well 
as the magnetic energy in the elec- 
trical discharge creates shock 
waves which initially race along 
at 300 times the speed of sound. 
After traveling about 60 inches to- 
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ward the center of the tube, how- 
ever, both shock waves are 
“slowed” to about eighty times the 
speed of sound — still more than 
twenty-four times the speed of a 
rifle bullet. Through the glass, the 
velocity of the shock waves and 
spectra of radiation from the gas 
are recorded with a high-speed ro- 
tating mirror camera. Boeing also 
is using a new vacuum ultraviolet 
grating spectrograph to evaluate 
the data. 


CROSS-LINKAGE OF 
NATURAL RUBBER STUDIED 

The physical properties of cross- 
linked rubber are being investi- 
gated at the National Bureau of 
Standards. The random chains of 
natural rubber were oriented by 
rapid stretching at 80°C, and 
cross-linkage was effected in both 
random and oriented chains by ex- 
posure to gamma radiation. The 
same amount of radiation pro- 
duced twice as much cross-linkage 
in oriented chains as it did in ran- 
dom chains. The isotropic length 
of cross-linked oriented chains 
was found to increase with in- 
creased cross-linkage while that 
of cross-linked random chains was 
unchanged. Cross-linking of ran- 
dom chains produced a large de- 
pression of the isotropic melting 
temperature, whereas little change 
was noted for cross-linked oriented 
chains. 


DIFFRACTION USED TO 
MEASURE LATTICE TILTING 

When a polycrystalline metal is 
plastically strained, the resulting 
deformation may be a bending or 
tilting of the atomic lattice within 
the grains of the metal known as 
misorientation. The National Bu- 
reau of Standards has recently de- 
veloped an X-ray diffraction meth- 
od for obtaining quantitative meas- 
urements of this deformation, Such 
data will be used in studying the 
mechanical properties of metals. 


TV USED IN ASTRONOMY 


Television has helped an astrono- 
mer to record the light (picked- 
up by the University of Arizona 
thirty-six-inch telescope) issuing 
from the Globula Cluster M 15 
tens of thousands of years ago. 
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Television is said to be more sensi- 
tive than a photographic plate by 
a factor of 50 to 100—in other 
words, exposures have to be 50-to- 
100 times longer with photography. 
Thus, television makes it possible 
to take more pictures. 


BIGGEST GRAPHITE 
CYLINDER CORED 

The biggest graphite cylinder 
ever made is a 7-ton behemoth 
measuring 61 inches in diameter 
and 72 inches long. One of five 
such giants produced by National 
Carbon Company, Division of 
Union Carbide Corporation, the 
cylinder will be cored to make sec- 
tions for a large graphite tower in 
which elemental phosphorous will 
be burned for the production of 
phosphoric acid by a leading chem- 
ical firm. 

High-temperature process equip- 
ment of essentially monolithic con- 
struction is made possible by the 
production of fine-grained graphite 
in this unprecedented large size. 
Simpler field erection and lower 
maintenance costs result from mini- 
mizing the number of joints re- 
quired in fabricating structures for 
the chemical processing, nuclear, 
metallurgical, and aircraft indus- 
tries. 


> 
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COMMUNICATIONS SYSTEM USES 
ULTRAVIOLET RADIATION 


Work by the Westinghouse Elec- 
tric Corporation to develop meth- 
ods for using ultraviolet light to 
communicate over great distances 
in free space has enabled the com- 
pany’s air arm division to build 
and demonstrate a system for 
transmitting images and other in- 
formation over an ultraviolet car- 
rier. 

The experimental system em- 
ploys a standard Westinghouse 
cathode ray tube as both a source 
and a modulator of ultraviolet. A 
conventional ultraviolet-sensitive 
photomultiplier is used to receive 
the transmission. Input signals are 
supplied to the system by a stand- 
ard television camera and the out- 
put image is displayed on the 
screen of a standard television re- 
ceiver. The significance of the in- 
stallation is the indication that it 
will soon be feasible to use catho- 
doluminescent devices as virtual 
point-source generators of ultra- 
violet radiation at the outputs and 
in the narrow bandwidths neces- 
sary for space communicattion. 

The attention being given to 
ultraviolet space communications 
systems results from the belief that 
ultraviolet will prove superior to 


Westinghouse Corp. 


Schematic of new Westinghouse experimental system for transmitting video informa- 


tion via modulated ultra-violet radiation. 
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infrared or radio frequency in sev- 
eral respects. Chief among these 
are the extent to which the ex- 
tremely short ultraviolet wave- 
lengths can be beamed by com- 
pact optional reflectors to achieve 
antenna gains of several million, 
and the extent to which ultra-vio- 
let systems are free from celestial 
and thermal noise. 


METAL-BONDED GRAPHITE USED 
FOR MECHANICAL BEARINGS 


Development of new metal- 
bonded graphite materials which 
combine the strength of metals 
with the unique anti-friction prop- 
erties of graphite was revealed re- 
cently during a seminar on powder 
metallurgy sponsored by the 
American Institute of Metallurgy, 
Mining and Petroleum Engineers. 

Potential application of the new 
materials lies in the field of dry 
and externally lubricated bearings. 
Graphite-rich compositions of the 
new materials have shown 


strengths superior to the best 
strengths of pure graphite mater- 
ials. They offer improved mechan- 
ical properties, close dimensional 
control of parts and can be made 
by high-volume powder metal- 


lurgy techniques. The new com- 
positions have strengths that com- 
pare favorably with the best 
strengths obtained in porous metal 
compositions used for externally 
lubricated bearing applications, 
and have a much higher range of 
satisfactory performance. 

Conventional powder metallur- 
gy techniques are used in the pro- 
duction of metal-bonded graphite 
materials. These include mixing 
the powder constituents, cold 
pressing into “compacts” and heat- 
ing the compacts to liquify the 
metal, (liquid-phase _ sintering. ) 
Previous attempts to combine 
graphite with iron in this manner, 
however, always resulted in pro- 
ducts with poor strength and ex- 
tremely brittle characteristics be- 
cause of the poor compatibility of 
liquid metals and graphite. 

In the new process, patented by 
the Ford Motor Company, the ad- 
dition of a powdered calcium-sili- 
con alloy during liquid-phase sin- 
tering produces a material com- 
bining the best properties of iron 
and graphite. Compositions have 
been prepared that range from 40 
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to 90 per cent graphite by volume. 

In addition to the liquid-phase 
sintering of iron-graphite composi- 
tions, nickel, cobalt, copper, silver, 
and aluminum-graphite combina- 
tions have been made successfully. 
Research has been conducted by 
Dr. Michael Humenik, Jr. of the 
Ford Motor Company's Applied 
Science Department. 


TWO NEW PIEZOELECTRIC 
COMPOUNDS DISCOVERED 


The discovery that zinc oxide 
and cadmium sulfide are strongly 
piezoelectric has just been revealed 
by A. R. Hutson of Bell Telephone 
Laboratories. In order to demon- 
strate the piezoelectricity in zinc 
oxide, it first had to be “doped” 
with lithium to neutralize the ex- 
cess conductivity which has 
masked the effect till now. The 
degree of piezoelectricity  ex- 
hibited by the doped zinc oxide is 
about four times as great as that 
of quartz, while the cadmium sul- 
fide is twice as great. Confirming 
measurements were made on single 
crystals of zinc oxide grown both 
by vapor techniques and from a 
flux. The cadmium sulfide crystals 
were vapor grown. 

Both zinc oxide and cadmium 
sulfide have long been recognized 
as n-ty semiconductors. Zinc 
oxide in fact usually shows a room 
temperature resistivity less than 
10° ohm-cm. This relatively low re- 
sistivity effectively shorts out all 
experimental evidence of piezo- 
electricity. 

Dr. Hutson decided to investi- 
gate the piezoelectric constants of 
these materials while studying 
some of their unusual conductivity 
properties, especially the large 
magnitude and temperature de- 
pendence of the phonon-drag effect 
observed in thermoelectric power 
measurements. A large piezoelec- 
tric constant seemed to explain 
these anomolies theoretically, but 
had never been observed experi- 
mentally. 

The conductivity of the zinc 
oxide was “quenched” by diffusing 
lithium atoms into the material, to 
act as acceptors for the excess elec- 
trons which were contributing to 
the conductivity. When this was 
done, the resistivity of the material 
was raised from 10° to 10° ohm- 
cm at room temperature. 


Resonance-antiresonance meas- 
urements and direct squeeze meas- 
urements were made on vapor- 
phase grown needles and Me . 
grown platelets of zinc oxide, and 
on the vapor-phase grown cad- 
mium sulfide, With dielectric con- 
stants of eight point two and nine 
for ZnO and CdS respectively, 
electromechanical coupling coeffi- 
cients were calculated to be ap- 
proximately point four for ZnO and 
point two for CdS, compared with 
0.095 for quartz. 


ULTRA HIGH SPEED COLOR 
FILM DEVELOPED 


A recently introduced color mo- 
tion picture film that can be used 
in high speed cameras with expo- 
sures as short as 1/50,000 of a sec- 
ond has been described by East- 
man Kodak Company. The color 
film has a tungsten light speed of 
125. It can be used interchange- 
ably with Kodak Tri-X black-and- 
white reversal film, which has been 
the accepted Kodak film for high 
speed photography. 

The film’s color differentiation 
affords additional data and infor- 
mation in the ultra-slow-motion 
movies that result from high-speed 
photography. High-speed photog- 
raphy is used in the study of 
rocket firings, arc welding, and 
other events that happen too fast 
for the human eye to see. 

This film has the ability to re- 
cord information in such low light 
levels that the transparency ap- 
pears almost black. By making a 
print on Ektachrome Reversal 
Print Film with printer exposures 
up to 40 times normal, the informa- 
tion recorded on the original film 
can be salvaged in such a way that 
color and brightness differentiations 
are retained and much of the re- 
corded data becomes usable. Pre- 
vious color films required so 
much light for proper exposure in 
high s motion picture cameras 
that heat from the flood lamps 
could damage the object being 
photographed, Thus color photog- 
raphy was usually used only for 
self-luminous subjects such as 
flame studies. 

This higher sensitivity film will 
enable scientists and industries to 
utilize color photography in more 
diverse applications than hereto- 


fore possible. 
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Will you be a name or will you be an indivi- 
dual? Your job choice will make the differ- 
ence. At Allis-Chaimers, training of new 
personne! is not an assembly-line process. 
Training, job assignments, promotions are 
gauged to your growth as an individual. 
Personal counseling is considered the key to 
your success .. . various members of man- 
agement meet with you to help you tailor a 
training program in keeping with your back- 
ground, interests and future plans. 

Career opportunities exist with electrical 
and mechanical equipment serving a wide 
variety of industry. Check with your place- 
ment counselor for detailed information. For 
a personal copy of Bulletin 2586085, ‘Where 
Do You Go From Here?" giving facts on our 
company and our training program, write 


ALLIS-CHALMERS 
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Research at Cornell. . . 


SCIENTISTS PROBE LANGUAGE BARRIER 


A new research program, aimed 
at solving the language problems 
of the natives of the high Andes 
of South America, has been estab- 
lished at Cornell University. 

It will focus on the problem of 
improving communications — be- 
tween the government agencies of 
Peru, Bolivia and Ecuador, where 
Spanish is the national language, 
and the more than five million In- 
dians of the Andean highlands 
who speak only Quechua, the lan- 
guage of the ancient Inca empire. 

A long-range project of train- 
ing, field research and experimen- 
tation, the Quechua Language 
Program will be directed by Don- 
ald F. Sola, professor of linguistics 
at Cornell, The University has re- 
ceived a Rockefeller Foundation 
grant of $155,000 to support the 
program for the next four years. 

With these funds, five Peruvians 
and one Bolivian will be brought 
to Cornell for graduate training in 
linguistics, anthropology, commu- 
nity development and educational 
research methods, As part of their 
training they will work with Pro- 
fessor Sola in developing materials 
and methods for a field experiment 
in fundamental education at Chin- 
chero, an Indian community near 
Cuzco, the old Inca capital. The 
Chinchero experiment will begin 
in 1963. 


History of the Region 

The vast Andean empire which 
Pizarro found and _ conquered 
stretched from present-day Ecua- 
dor to northern Argentina. The so- 
ciety was largely socialistic in or- 
ganization; the Inca’s subjects had 
little private property and con- 
tributed much of their labor to 
such imperial projects as the fa- 
mous royal roads which spanned 
the Inca dominions. 

Under Spanish rule the pattern 
of land ownership changed some- 
what, and many large private es- 
tates were established, but the In- 
dian remained an illiterate peas- 
ant, living in poverty, misery, and 
poor health and bound to the ser- 
vice of his lord. 

For nearly a century and a half 
the Andean countries have been 
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independent, and during this time 
great changes have taken place. 
Through intermarriage, the spread 
of education, and a more enlight- 
ened public attitude, the lives of 
many Indians have been im- 
proved, 

But still today almost half the 
population of Peru, Bolivia, and 
Ecuador is underprivileged. In the 
Indian communities of the high 
plateaus and remote valleys of the 
Andes, few Indians can read or 
write, health conditions are poor, 
and the peasant farmer may earn 
as little as ten cents a day. 

The Andean governments rec- 
ognize that such conditions create 
a potentially explosive situation. 
They are anxious to improve living 
conditions, level of education and 
productivity among the Indians, 
but are hampered by limited 
funds, lack of technicians, and two 
important natural obstacles—the 
wild, rough Andean terrain and 
the language difference. 

This last obstacle—the fact that 
literally millions of Quechua Indi- 
ans do not speak Spanish—will be 
the main object of the Cornell pro- 
gram. 

The first phase of the program 
will be restricted to Peru, where 
proposed field experiments will 
test the extent to which Quechua 
itself can be used for teaching in 
the Quechua schools, Professor 
Sola is also interested in applying 
the improved language teaching 
techniques developed in_ the 
United States to the task of teach- 
ing Spanish to the Quechuas. 


Mickey Schlick 
Professor David F. Sola 


The researchers will also test 
different alphabets for writin 
Quechua, since no alphabet has 
been accepted as official, to see 
which one might be most useful 
in teaching. 

Professor Sola made a study of 
Quechua dialects in Peru and Bo- 
livia last year under a Rockefeller 
Foundation grant, and personally 
chose the Latin Americans who 
will participate in the first part of 
the program. 

He feels that the fact that these 
persons will be trained on a proj- 
ect designed to solve a practical 
problem in their own countries 
may be the greatest contribution 
of the program. They will return 
to their own countries prepared to 
speak with government officials 
about ways of coping with the lan- 
guage problems and to train other 
Latin Americans as language tech- 
nicians, 

Two project members are al- 
ready at Cornell: Antonio Cisihua- 
man, a native of Chinchero, and 
agricultural specialist at the school 
there, and Florian Luque, a lit- 
eracy specialist from Cochabam- 
ba. Bolivia. Others, who §ar- 
rived in January are: Carlos Del- 
gado, assistant to the Director of 
Fundamental Education, the Pe- 
ruvian Ministry of Public Educa- 
tion; Abner Montalvo, specialist 
in Indian community development 
in the Peruvian Ministry of Labor; 
and Dr. Alberto Escobar, professor 
of philology at San Marcos Uni- 
versity, Lima. 

Professor Sola hopes that as a 
result of the program a Peruvian 
center for instruction and research 
in applied linguistics will be es- 
tablished which, when staffed with 
teachers and technicians trained 
in the program, could serve the 
needs of all countries in which 
Quechua is spoken. 

In the future he hopes to extend 
the program to cover Aymara, an- 
other Indian language spoken by 
about 1,500,000 Indians of Peru 
and Bolivia, and to experiment 
with ways of using this language 
and Quechua in fundamental edu- 
cation via mass media such as 
radio. 
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02 PROGRAMS. 
PROJECISGS 


AT HUGHES zzz 


LUDIES 


OF ELECTRONICS ® Commend Control anc 


ACTIVITY AT HUGHES PRO- 
VIDES AN IDEAL ENVIRON- 


MENT FOR THE GRADUATING 


ENGINEER OR PHYSICIST. 


THESE ACTIVITIES INCLUDE 


@ Polaris Guidance Development 

@ Army/Navy Computer Systems 

@ Space Ferry 

@ Fixed Array Antennas 

@ Fire Control Radar Systems 

@ Pulsed Doppler Radar and 
Anti-Submarine Wartare 

@ Naval Tactical Display Systems 

@ 3-Dimensiona! Radar 

@ Air-to-Air Missiles 

@ Space Propulsion Systems 

@ Tunnel Diodes 

@ Infrared Devices 

@ Satellite Active Repeater 
Development 

@ Wide Band Scanning Antenna 
Feed Systems 

@ Microwave Antennas and 
Radomes 

@ Guidance and Navigation 
Computers 

@ Satellite Communication 
Systems 

@ Satellite Reconnaissance Drone 

@ World-Wide Communications 
Networks 


Information Processing 

@ Micro-Electronics 

@ Linear Accelerators 

@ Gamma Rays 

@ Nuclear Fission 

@ Remote Handling Devices 

@ Photoconductive Materiais 

@ Electroiuminescence 

@ Solid State Display Devices 

@ Terminal Communications 

@ Line-of-Sight UHF and 
VHF Relay Systems 

@ Air Traffic Regulation and 
Landing System 

@ Pincushion Radar 

@ Logi-Scale Genera! Purpose 
Computer 

@ Radar Closed Loop Tester 

@ Missile-Range Ship 
Instrumentation 

@ Precision Trajectory 
Measurement System 

@ Space Vehicle Subsystems 

@ Telemetering Systems 

@ Radiation Sources, Detectior 
Handling Equipment and 
Effects Analysis 

@ Inertial Missile Guidance 
Systems 

@ Machine Tool Controls 

@ Microwave Tubes 

@ Transistors and Diodes 

@ Rectifiers 

@ Thermal and Magnetic Relays 

@ Crystal Filters 

@ Digital Components and Devices 

@ Plasma Physics Research 








ELECTRICAL ENGINEERS AND PHYSICISTS 
B.S., M.S. and Ph.D. (June and Summer Graduates) 


Members of our staff will conduct 
CAMPUS INTERVIEWS 
March 2 and 3, 1961 


Find out more about the wide range of programs, unique 
Professional Register, advanced educational programs and 
relocation allowances offered by Hughes. 

For interview appointment or informational literature consult 
your College Placement Director. Or write Hughes College 
Placement Office, P.O. Box 90515, Los Angeles 45, California. 








CREATING A NEW WORLD WITH ELECTRONICS 


HUGHES AIRCRAFT COMPANY 

Culver City, El Segundo, Fullerton, 
Malibu, Newport Beach, Oceanside, 
Los Angeles, Calif.; Tucson, Arizona 
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Manufacturers of Super-Refractories Only 


REFRACTORY CRUCIBLES 
GRAPHITE CRUCIBLES 
HIGH-TEMPERATURE CEMENTS 
SPECIAL REFRACTORY BRICK, TILE, SHAPES 


From the Following Materials:— 


GRAPHITE —— SILICON CARBIDE FUSED ALUMINA —— MULLITE 
MAGNESIA ZIRCON 
also 
CUSTOM PRODUCERS OF ELECTRICALLY FUSED REFRACTORY GRAINS 


LAVA CRUCIBLE-REFRACTORIES CO. 
PITTSBURGH, PA. 











THE 
SUNNYSIDE 


Collegiate Dining 
In Excellent Taste 


STUDENT HEADQUARTERS 
for 
NEW AND USED TYPEWRITERS 
TYPEWRITERS FOR RENT 

COMPLETE LINE OF STUDENT SUPPLIES Cocktails 
EXPERT TYPEWRITER REPAIR 
BUS-STOP IN FRONT OF STORE Adequate Parking 
ALSO FREE PICKUP & DELIVERY 


VAN NATTA Corner of 
ay inaly 
S. Meadow St. 


CO Mee 
103 West State St. Phone 2-2375 


Chicken Dinners Our 
Specialty — 
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“To preserve our free institutions, it is 
absolutely essential that the United 
States find the most effective means of 
advancing the science and technology 
of space and also of applying them to 
military space systems. This is the mis- 
sion of Aerospace Corporation” 

IvaAN A. GETTING 

PRESIDENT 

AEROSPACE CORPORATION 


In accomplishing its mission, this non- 
profit public service organization per- 
forms the unique role of space systems 
architect. Aerospace Corporation pro- 
vides scientific and technical leadership 
to the science/industry team responsi- 
ble for developing complete space and 
ballistic missile systems on behalf of 
the United States Air Force. 


A new and vital force 


of 


JACK H, IRVING 


EROSPACE 
CORPORATION 


present genuine challenge to scientists 


and engineers of demonstrated competence 


Specific responsibilities of the new 
corporation include advanced systems 
analysis, research and experimentation, 
initial systems engineering, and gen- 
eral technical supervision of new 
systems through their critical phases. 


The broad charter of Aerospace 
Corporation offers its scientists and 
engineers more than the usual scope 
for creative expression and significant 
achievement, within a stimulating 
atmosphere of dedication to the public 
interest. 


Aerospace Corporation scientists 
and engineers are already engaged in a 
wide variety of specific systems proj- 
ects and forward research programs, 
under the leadership of scientist/ 
administrators including corporation 
president Dr. Ivan A. Getting, senior 
vice president Allen F Donovan, and 
vice presidents Edward J. Barlow, 
William W. Drake, Jr., Jack H. Irving, 
and Chalmers W. Sherwin. 


Immediate opportunities exist for MS 
and PhD candidates completing require- 
ments in engineering, physics, chemistry 
and mathematics, and interested in: 

* Theoretical physics 
* Experimental physics 
* Inertial guidance 
* Propulsion systems 
¢ Computer analysis 
¢ Applied aerodynamics 
¢ Space communications 
* Infrared engineering 
* Applied mathematics 
* High temperature chemistry 
* Microwaves 
Those qualified and experienced in 


these and related fields are urged to 
direct their resumes to: 


Mr. James M. Benning, Room 130 
PO. Box 95081, Los Angeles 45, Calif. 


AEROSPACE CORPORATION 


engaged in accelerating the advancement of space science and technology 
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There seems to be no doubt that 
it is becoming increasingly difficult 
from year to year for graduates of 
mechanical and electrical engineer- 
ing courses to get a start in busi- 
ness. About the only concerns 
making demands for recent gradu- 
ates are those offering special ap- 
prenticeships at wages little above 
those paid ordinary trade appren- 
tices having scarcely a common 
school education. The Sibley Jour- 
nal, February 1911 


A system of multiplex telephony 
has been invented by bw G. O. 
Squier, Signal Corps, | . S. Army, 
according to Engineering News. lt 
is claimed that the system permits 
of the transmission over a single 
wire of a number of telephonic 
conversations limited by the dif- 
ferent frequencies to which the 
several telephone circuits may be 
attuned. An earth return is claimed 
to be possible through the use of 
electrical condensers of such ca- 
pacity that great impedance is of- 
fered to the reception of external 
disturbances which would be audi- 
ble. Maj. Squier proposes to use 
frequencies of 15,000 to 20,000 
cycles per second, which are just 
beyond the limits of audibility. 
These sustained oscillations are 
not used directly and they do not 
affect the diaphragm of a tele- 
phone receiver, The ordinary mic- 
rophone transmitter and induction 
coil are used to impose changes in 
amplitude on the sustained high 
frequency oscillations, correspond- 
ing to the details of speech. These 
changes affect a “detector” such as 
is used in wireless telegraphy, 
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which permits the passage of a 
correspondingly varying current, 
from a separate source through the 
listener's receiver circuit. The sev- 
eral talking circuits connected to 
the single transmission wire can be 
adjusted, by varying their induc- 
tion and capacity, to pick out only 
a certain desired frequency and 
they will not respond to other fre- 
quencies. The very high frequen- 
cies used have been obtained, in 
Maj. Squier’s experiments, from a 
special generator made by the 
General Electric Company. This 
machine has a capacity of 2kw and 
can be run up to 100,000 cycles 
per second. The Sibley Journal, 
February 1911 


An aeroplane flight from Key 
West, Florida, to Havana, Cuba, 
was attempted on January 30 by 
J. A. D. McCurdy. After coming 
eighty miles, and when still ten 
miles from Havana, the supply of 
lubricating oil was exhausted and 
it was necessary to descend to the 
sea. The aeroplane was equipped 
with pontoons for this contingency 
and the machine safely rode the 
waves until the aviator was res- 
— by the torpedo boat destroy- 

“Pauling” which had been de- 
tailed to accompany the aeroplane. 
The machine was taken aboard and 
another attempt to cross will be 
made soon. The Sibley Journal, 
February 1911 


The plan for raising the wreck 
of the Maine is to surround the 
wreck, about 325 feet in length, 
lying in thirty-seven feet of water, 
with a dam which shall be tight 


enough and strong enough to en- 


able work to be safely carried on 
under its protection, according to 
Engineering News. This dam must 
be self-sustaining. There is no way 
of bracing it to resist the water 
pressure behind it by struts against 
its interior. The borings show that 
for a depth of eighteen totwenty feet 
the bottom of the harbor is a soft- 
semi-liquid mud, Below that for 
some twenty-five to thirty feet 
there is soft blue clay. The build- 
ing of adam which will sustain ahead 
of thirty-seven feet of water on 
such a foundation is a task so un- 
precedented that it may well excite 
the interest of engineers generally. 
The dam must not only be self- 
supporting and safe against the 
pressure to which it is exposed, but 
it must be capable of complete re- 
moval after it has served its pur- 
pose. The plan which the Board of 
Army Engineers has adopted is to 
sink around the wreck a series of 
large cylinders of interlocking steel 
sheet- -piling. These cylinders are 
to be fifty feet in diameter along 
the sides of the wreck and forty 
feet at the bow and stern. The 
sheet-pile cylinders are to be sunk 
to a depth of seventy feet below 
the surface, which means that their 
lower ends will have about thirty- 
three feet penetration in the bot- 
tom, After these cylinders have 
been sunk, a dredge will dig clay 
from shoals in the harbor and de- 
posit it in the hopper scows. These 
scows will be towed over to the 
cofferdam, and their loads of clay 
will be deposited in the cylinders 
until they are full, The interior of 
the cofferdam will then be pumped 
out. The Sibley Journay, February 
1911 
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Printing 
Promotes 
Progress 


THE CAYUGA PRESS 


113 E. Green St. 


ithaca, N.Y. 











HEADQUARTERS 
For All 
Engineering Supplies 


Keuffel and Esser 
Eugene Dietzgen 
Frederick Post 


Pickett and Eckel 


Cornell Campus Store 
Barnes Hall 





For Elegant Dining 


27 Course Smorgasbord 


Saturday Nights 


Banquets for Special Occasions 


Dinner in the Mural Lounge 





The Clinton House 


116 North Cayuga Street 
Ithaca 4-6443 
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RESISTANCE TO 
PUNISHMENT of 

any severe-service part 
increased by designing 
it to be forged 


Upsetter, or hori I forging Ad 





Gear blanks for tractor and farm implement transmissions are designed to be 
upset-forged, usually with integral forged stub shafts. Forging gives these vital 
parts maximum resistance to gear-clashing shifts. Transmission life can 

be equal to equipment life when gears are FORGED. 


When you design with forgings right from the start, you take full advantage 
of the many benefits which only forgings offer: highest ratio of strength to weight 
. .» highest resistance to impact, shock, vibration, torsion . . . 
preferential orientation of flow lines in the forging to concentrate 
strength where required... absence of wasteful inclusions and voids. 


Forged parts start out as better metal . . . are made even better 
by the hammer blows or pressures of the forging process. Write 
for literature to help you design, specify, and procure forged parts, 


Whew itd aw wilal part, desiqn it to be | 


Drop Forging Association « Cleveland 13, Ohio 
Names of sponsoring companies om request to this magazine 
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IMPORTANT DEVELOPMENTS AT JPL... 
PIONEERING IN SPACE RESEARCH 


The Jet Propulsion Laboratory has been assigned 
responsibility for the Nation’s program of unmanned 
lunar, planetary, and interplanetary exploration. The 
objectives of this program are to contribute to mankind's 
fundamental knowledge of space and the space environ- 
ment and to contribute to the development of the tech- 
nology of space exploration. For the next ten years, as 
larger booster vehicles become available, increasingly 
versatile spacecraft payloads will be developed. 

JPL will conduct the missions, utilizing these spacecraft 
to orbit and land on the moon, to probe interplanetary 
space, and to orbit and land on the near and far planets. 

Earliest of these spacecraft will be the “Ranger” series 





Operated by the California institute of Technology under contract with the National Aeronautics and Space Administration 
PASADENA, CALIFORNIA 
Employment opportunities for Graduate Students in these fields 
INFRA-RED * OPTICS * MICROWAVE + SERVOMECHANISMS + COMPUTERS + LIQUID AND SOLID PROPULSION * STRUCTURES * CHEMISTRY 
INSTRUMENTATION + MATHEMATICS + ENGINEERING MECHANICS * TRANSISTOR CIRCUITRY AND SOLID STATE PHYSICS 
Send professional resumé for our immediate consideration. Interviews may be arranged on Campus or at the Laboratory. 


now being designed, developed and tested at JPL. The 
mission of this particular series will include first, explora- 
tion of the environment and later the landing of instru- 
mented capsules on the moon. 

Never before has such a wide vista of opportunity, or 
@ greater incentive been open to men trained in all fields 
of modern science and engineering. Every day at JPL new 
problems arise, new theories are advanced, new methods 
tested, new materials used and new principles discov- 
ered. This creates a stimulating work atmosphere for 
trained individuals and an unlimited field for constructive 
development of a long-range and rewarding career. 
Wouldn't you like to take part in it? 
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IMustrated is a “Ranger” 
proof-test mode! undergoing 
design verification testing in 
one of the laboratories ot JPL. 
Here design features are 
tested and proved, operational 
procedures developed ond 
handling experience gained for 
the actual construction of the 
initial flight spacecraft. 

These spacecroft will be among 
the earliest pioneers in the 
development of space science. 





JET PROPULSION LABORATORY 
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HOME a, 


The Periodic Tabie lists all the known elements of the world we live in . . . more than half of them used by Union Carbide 


This is the world of Union Carbide 


... bringing you a steady stream of better products from the basic elements of nature 


You’re probably one of the millions who have used such Union Learn more about the products of 
Carbide products as PRESTONE anti-freeze, EVEREADY flashlights and bat- = Union presieny = o> 
teries, or Pyrorax bottled gas. But the major part of Union Carbide’s output exhibit at 270 Park Avenue, New 
is in basic materials, employed by more than 50,000 industrial customers to aa jetty Phew 
fill your life with useful things. Union Carbide Corporation, 270 
The 70,000 people of Union Carbide operate more than 400 In Consda, Union Cosbids Comade 
plants, mines, mills, laboratories, warehouses, and offices in the United States, Limited, Toronto. 
Canada, and Puerto Rico. With these vast resources and skills, and the help 
of 35,000 suppliers, they create a variety of products in the fields of metals, 
carbons, gases, plastics, and chemicals. U N iO N 


It is men and women working together to provide new and 


better materials that gives full meaning to Union Carbide. And the people CAR Bi DE 
of Union Carbide, backed by 128,000 stockholders, will go on bringing you 


the necessities and conveniences that will help keep our standard of living 


the highest in the world. Periodic Chart ©Welch—Chicago -.-a hand 
The terms “Eveready,” “Prestone,” “Pyrofax,” and “Union Carbide” are trade marks of Union Carbide Corporation. in things to come 
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FINAGLE’S UNIVERSAL 
LAWS FOR ENGINEERS 


Axiom 1: In any calculation, any 
error which can creep in will do 
so. 

Axiom 2: Any error in any calcu- 
lation will be in the direction 
of the most harm. 

Axiom 3: In any formula, con- 
stants (especially those ob- 
tained from engineering hand- 
books) are to be treated as vari- 
ables. 

Axiom 4: The most vital dimen- 
sion of any plan or drawing 
stands the greatest chance of 
being omitted. 

Axiom 5: If only one bid can be 
secured on any project, the 
price will be unreasonable. 

Axiom 6: If a_ test installation 
functions perfectly, all subse- 
quent production units will mal- 
function. 

Axiom 7: Parts that positively 
cannot be assembled in im- 
proper order will be. 

Axiom 8: Interchangeable parts 
won't. 

Axiom 9: If more than one person 
is responsible for a miscalcula- 
tion, no one will be at fault. 

Axiom 10: Identical units which 
test in an identical fashion will 
not behave in an identical fash- 
ion in the field. 

Axiom 11: If, in engineering prac- 
tice, a safety factor is set 
through service experience at an 
ultimate value, an ingenious 
idiot will promptly calculate a 
method to exceed said safety 
factor. 

Axiom 12: Warranty and guaran- 
tee clauses are voided by pay- 
ment of the invoice. 

° G o 
Nietzche is peachy, 
but Freud is enjoyed. 


The censors of the cinema have 
never given proper credit to a 
group probably more responsible 
for keeping sex out of the movies: 
ushers. 
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The sultan kept his harem several 
miles away from his palace, and 
each day he sent a trusted servant 
to fetch one of the wives. The sul- 
tan lived to be 87; the servant died 
at the age of 40. 

Moral: It’s not the women who 
kill you, it’s the running after them. 


Science is making so many 
strides ahead, almost daily, that 
it becomes increasingly difficult 
for the layman to keep up. Latest 
invention we've heard about is a 
toothpaste with built in food par- 
ticles for people who can't eat be- 
tween brushing. 


Five editors of a well-known 
Engineer were sitting at a board 
meeting and while waiting for the 
arrival of a sixth, one suggested 
they play a game. “Let's tell our 
major vice,” he said, “Mine's 
drink.” 

“Mine's gambling on the horses.” 

“Mine's cribbing on my exams.” 
(from a Tau Bete. ) 

“Mine is awful—I like to date 
married women.” 

The fifth refused to tell. When 
the others insisted, since they had 
told theirs, he reluctantly gave in: 
“Mine is gossip, and I can't wait 
to get out of here!” 


Here is a good test for your 
stomach muscles; stated the ad in 
a physical culture magazine: 
Clasp your hands over your head 
and place your feet together on 
the floor. Now bend to the right 
at the waist as you sit down to 
the left of your feet. . Now by 
sheer muscular control, haul your- 
self up, bend to the left and sit 
down on the floor to the right of 
your feet. Keep this up and let us 
know the result. The first letter 
said: “Hernia.” 

o oO oO 
Advice to the exhausted: When 


wine, women, and song become 
too much for you, give up singing. 


Women are the problems that 
most men like to wrestle with. 
e — o 


The reason no one ever gives 
the groom a shower is that every- 
one figures him to be all washed 
up anyway. 

Unabashed dictionary: The 
sport of kings is queens. 

The difference between a mar- 
ried man and a bachelor is that 
when the bachelor walks the floor 
with a babe in his arms, he’s try- 
ing to sober her up. 


The bright young thing wants 
to know if infants enjoy infancy 
as much as adults enjoy—Who 
threw that? 


If all the world loves a lover, 
why do they have hotel detec- 
tives? 


Three old men were discussing 
the ideal way to die. The first, 
aged 75, wanted to crash in a car 
doing 95 mph. The second, aged 
85, wished to end it all in a jet 
plane doing 600 mph. The third, 
aged 95, said he had the ideal 
death. “I'd like to be shot by a 
jealous husband.” 


A serious thought for today 

Is one that causes us dismay; 
Just what are the forces 

That bring little horses 

If all of the horses say “Nay”? 


In a risky attempt to circum- 
vent any censor, this joke is smug- 
gled in at great risk, just as the 
magazine goes to press. The au- 
thor and the printer are the only 
ones to see it: 
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If your sights are set on outer space— 


-youll find 
Photography 
at Work 


with you. 


From the time a scientist’s mind first 
sparks an idea for exploring space, 
photography gets to work with him. It 
savés countless hours in the drafting 
stage by reproducing engineers’ plans 
and drawings. It probes the content 
and structure of metals needed by 
photomicrography, photospectrography 
or x-ray diffraction. It checks the opera- 
tion of swift-moving parts with high- 
speed movies—records the flight of the 
device itself—and finally, pictures what 
it is in space the scientist went after in 
the first place. 


There’s hardly a field on which you 
can set your sights where photography 
does not play a part in producing a 
better product or in simplifying work 
and routine. It saves time and costs in 
research, in production, in sales and 
in office routine. 


So in whatever yeu plan to do, 
take full advantage of all of the ways 
photography can help. 


CAREERS WITH KODAK: 
With photography and photographic proc- 
esses becoming increasingly important in the 
business and industry of tomorrow, there 
are new and challenging opportunities at 
Kodak in research, engineering, electronics, 
design, sales, and production. 

If you are looking for such an interesting 
opportunity, write for information about 
careers with Kodak. Address: Business and 

U.S. Air Force 1.C.B.M. “Titan” shown in the vertical test Technical Personnel Department, Eastman 
laboratory at the Martin Company, Denver, Colorado. Kodak Company, Rochester 4, N. Y. 


EASTMAN KODAK COMPANY 
Rochester 4, N.Y. 





Q. Mr. Hill, what can | do to get the 
most out of my job interviews? 


A. You know, we have the same 
question. I would recommend that 
you have some information on what 
the company does and why you be- 
lieve you have a contribution to 
make. Looking over company in- 
formation in your placement office 
is helpful. Have in mind some of the 
things you would like to ask and try 
to anticipate questions that may 
refer to your specific interests. 


Q. What information do you try to get 
during your interviews? 


A. This is where we must fill in be- 
tween the lines of the personnel 
forms. I try to find out why partic- 
ular study programs have been fol- 
lowed, in order to learn basic motiva- 
tions. I also try to find particular 
abilities in fields of science, or math- 
ematics, or alternatively in the more 
practical courses, since these might 
not be apparent from personnel rec- 
ords. Throughout the interview we 
try to judge clarity of thinking since 
this also gives us some indication of 
ability and ultimate progress. One 
good way to judge a person, I find, 
is to ask myself: Would he be easy 
to work with and would I like to 
have him as my close associate? 


Q. What part do first impressions play 
in your evaluation of people? 


A. I think we all form a first im- 
pression when we meet anyone. 
Therefore, if a generally neat ap- 
pearance is presented, I think it 
helps. It would indicate that you 
considered this important to your- 
self and had some pride in the way 
the interviewer might size you up. 


Q. With only academic training as a 
background, how long will it be before 
I'll be handling responsible work? 


Interview with General Electric’s 


W. Scott Hill 


Manager—Engineering Recruiting 








One of a series* 
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When Recruiting Engineers 


A. Not long at all. If a man joins a 
training program, or is placed direct- 
ly on an operating job, he gets 
assignments which let him work up 
to more responsible jobs. We are 
hiring people with definite consider- 
ation for their potential in either 
technical work or the management 
field, but their initial jobs will be 
important and responsible. 


Q. How will the fact that I've had to 
work hard in my engineering studies, 
with no time for a lot of outside activi- 
ties, affect my employment possibilities? 


A. You're concerned, I'd guess, with 
all the talk of the quest for ‘‘ well- 
rounded men.’’ We do look for this 
characteristic, but being president 
of the student council isn’t the only 
indication of this trait. Through 
talking with your professors, for 
example, we can determine who 
takes the active role in group proj- 
ects and gets along well with other 
students in the class. This can be 
equally important in our judgment. 


Q. How important are high scholastic 
grades in your decision to hire a man? 


A. At G.E. we must have men who 
are technically competent. Your 
grades give us a pretty good indica- 
tion of this and are also a measure 
of the way you have applied your- 
self. When we find someone whose 
grades are lower than might be ex- 
pected from his other characteristics, 
we look into it to find out if there 
are circumstances which may have 
contributed. 


Q. What consideration do you give work 
experience gained prior to graduation? 


A. Often a man with summer work 
experience in his chosen academic 


field has a much better idea of what 
he wants to do. This helps.us decide 
where he would be most likely to 
succeed or where he should start his 
career. Many students have had to 
work hard during college or sum- 
mers, to support themselves. These 
men obviously have a motivating 
desire to become engincers that we 
find highly desirable. 


Q. Do you feel that a man must know 
exactly what he wants to do when he is 
being interviewed? 


A. No, I don’t. It is helpful if he 
has thought enough about his in- 
terests to be able to discuss some 
general directions he is considering. 
For example, he might know whether 
he wants product engineering work, 
or the marketing of technical prod- 
ucts, or the engineering associated 
with manufacturing. On G-E train- 
ing programs, rotating assignments 
are designed to help men find out 
more about their true interests be- 
fore they make their final choice. 


Q. How do military commitments affect 
your recruiting? 

A. Many young men today have 
military commitments when they 
graduate. We feel it is to their ad- 
vantage and ours to accept employ- 
ment after graduation and then ful- 
fill their obligations. We have a 
limited number of copies of a De- 
partment of Defense booklet de- 
scribing, in detail, the many ways in 
which the latter can be done. Just 
write to Engineering Personnel, 
Bldg. 36, 5th Floor, General Electric 
Company, Schenectady 5, N. Y. 90+ 





*LOOK FOR other interviews dis- 
cussing: @e Advancement in Large 
Companies e@ Salary @ Personal 
Development. 
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